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ABSTRACT
Vitamin D is an essential vitamin for normal bone growth and development in humans. The 
aims of this study were to determine the extent of vitamin D deficiency and insufficiency in 
Saudi Arabian boys and girls and to investigate the impact of low vitamin D status and poor 
lifestyle habits on the markers of bone health in this age group.
The project involved 300 healthy school children aged 6-18 years, living in Jeddah. Vitamin 
D status, bone profile and markers was measured together with bone mineral density (BMD) 
and bone mineral content (BMC), were determined by using dual-energy x-ray 
absorptiometry (DXA). Calcaneal bone mass was measured by broadband ultrasound 
attenuation (BUA), Lifestyle factors including the duration of sunshine exposure, physical 
activity, dress style and onset of veiling for girls was assessed in relation to vitamin D status. 
Nutritional intake was assessed using a food frequency questionnaire.
Results showed that vitamin D deficiency was significantly higher in girls than in boys. The 
overall prevalence of vitamin D deficiency was significantly higher in girls than in boys: ~ 
71% of all groups had low levels of vitamin D (< 50 nmol/L), 42.7% of boys and 93.3% of 
girls had low levels. There was an inverse association between vitamin D and parathyroid 
hormone and girls. Individual habits strongly affected the levels of vitamin D in our study 
samples.
A significant difference existed between boys and girls in terms of BMD, BMC and BUA; 
but no difference in the Z-score between boys and girls. Hypovitaminosis, lack of exposure 
to the sun, sedentary lifestyle are common in Saudi adolescents, which may confer an 
increased risk for early osteoporosis. There is an urgent need to develop population-based 
health strategies to the risks associated with Vitamin D deficiency.
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CHAPTER 1
GENERAL INTRODUCTION
1.1 Introductory Comments
Globally, vitamin D status is a cause for concern and it is now documented that more than 
50% of the world’s population is at risk of vitamin D deficiency (Holick, 2008). The Middle 
East is recognized as having the lowest levels of vitamin D and the highest rates of 
hypovitaminosis D worldwide, despite its abundant sunshine and its geographical location, 
which spans latitudes from 12° N to 42° N, allowing vitamin D synthesis year round. (El- 
Hajj Fuleihan., 2009)
Arabian Gulf countries, namely Saudi Arabia, Kuwait, Qatar, Bahrain, Oman, and the 
United Arab Emirates have similar demographic, social, cultural, and environmental 
characteristics. These countries in the last two decades have experienced rapid economic and 
social changes, reflecting in a marked improvement in lifestyle and health status. The rapid 
changes however, led to the development of a paradoxical situation regarding nutrition, 
meaning that there is both a lack of, and an excess of nutrition, existing. Under-nutrition has 
manifested as growth retardation among pre-school children and iron deficiency anemia, 
while over-nutrition has manifested as obesity, dental caries, and non-communicable, 
nutrition-related diseases. (Musaiger et al., 1996, Musaiger et al., 2011)
Vitamin D and calcium are the most important material to obtain healthy, integrated bones. 
An adequate intake of vitamin D and calcium plays a major role in the prevention and 
treatment of osteoporosis. Vitamin D is an unusual nutrient in comparison to other vitamins, 
in that the natural source of vitamin D for humans is the exposure of the skin to sunlight, 
instead of foodstuff intake. The beneficial effects of moderate exposure to sunlight have had 
much attention due to their critical role and the immense benefits obtained include; 
decreased blood pressure, decreased resting heart rate, increased cardiac output, reduced 
blood cholesterol and sugar, increased resistance to infections, increased stress tolerance, 
and increased hormones.
Although Saudi Arabia is a country with plentiful sunlight, the deficiency of exposure to 
ultraviolet sunlight is very common in the Saudi population, as most work indoors to avoid 
the heat of the sunlight. This, coupled with a low dietary intake of vitamin D, causes a high 
prevalence of osteoporosis among the population (Sedrani et al., 1983).
Unfortunately, there is no serious attempt to compensate for the deficiency in ultraviolet B 
exposure with an adequate dietary intake of vitamin D or fortified foodstuff, to minimize the 
risk of bone problem incidences. Recently, the fortification of vitamin D has been used in a 
of children’s food in Saudi Arabia, for protection against rickets and other diseases.
Several studies reported that rickets are more common in Arab countries than is reported in 
Western countries. Furthermore, the prevalence of vitamin D deficiency is significantly 
higher in Arab women and children, than in the Caucasian populations, also it has been 
reported that severe hypovitaminosis D (250H D level < 20 nmol/L) was present in (52%) 
of Saudi females, aged 35.4 ± 11.3 years (El-Ghannam et al., 1999).
Saudi Arabia has undergone rapid changes during the last three decades in the areas of 
health, socioeconomic, education and agriculture. This has had a profound impact on food 
intake habits, health and nutritional status, and particularly on the micronutrient status 
(Status, 2001). On this basis, there is an urgent need to develop and implement the correct 
nutritional approach, together with proper policies for the prevention and treatment of 
osteoporosis that could, with time, offer a firm foundation for a healthier population in Saudi 
Arabia. However, to develop efficient and worthy strategies in the prevention of 
osteoporosis, it is important to determine the modifiable factors involved.
Vitamin D deficiency has been reported in these countries in spite of abundant sunlight. 
Most of the studies were conducted in Saudi Arabia. It was confirmed that maternal vitamin 
D deficiency plays a significant role in the pathogenesis of rickets, in infants bom with an 
inadequate vitamin D status, proving that the disease has its origin in the prenatal period. 
Low concentration of 25hydroxyvitamin D (25OH D) was observed in children, pregnant 
and lactating mothers in Saudi Arabia (Sebai., 1988, Sedrani., 1986). Multi factors
contributing to the prevalence of vitamin D deficiency in the region include; avoidance of 
exposure to sunlight, lack of vitamin D in the staple diet, an increase in UV light insulation 
due to environmental pollution , housing which does not allow access of a sufficient of 
sunshine and using unfortified powdered milk with vitamins (Sebai., 1988, Sedrani., 1986).
1.2 Definition of Vitamin D
Vitamin D is defined as a group of fat-soluble pro-hormones, which can exist in several 
forms, each with a different level of activity. Different forms of vitamin D have been 
recognized, the two major forms are ergocalciferol and cholecalciferol; namely the plant 
form vitamin D% and the animal form vitamin Dg, respectively (Sources., 2007). Vitamin D3 
is the biologically active form of vitamin D and can be obtained from either an exogenous or 
endogenous source (Holick., 2007). The only difference between ergocalciferol and 
cholecalciferol is the structure of the side chain to the sterol skeleton. Ergocalciferol is 
derived from the UV irradiation of the plant sterol ergosterol, which is widely distributed in 
plants and fungi, whereas cholecalciferol is formed from the action of UV irradiation on skin 
(Houghton and Vieth., 2006). Vitamin D is known as the sunshine vitamin, which is 
produced by exposing the human skin to ultraviolet radiation (UVB). In the last two decade, 
the scientific caution about vitamin D as an essential substance for human health and its 
deficiency to contribute to the development of chronic diseases including osteoporosis, 
metabolic disorders, multiple sclerosis or cognitive dysfunction, cancer as well as 
cardiovascular disease and mortality has been discussed (Peterlik., 2012).
Presence of several forms of vitamin D has led to a controversial argument among scientists 
to the essential from of vitamin D to the health. A recent study found that vitamin D3 is more 
efficacious at rising serum 250H D concentration than vitamin D2 . They recommended an 
additional research to examine the metabolic pathways involved in oral and intramuscular 
administration of vitamin D and the effects across age, sex, and ethnicity (Tripkovic et al., 
2012).
1.3 Synthesis and Metabolism of Vitamin D
During exposure to sunlight, 7-dehydrocholesterol, present in the epidermis, absorbs UVB 
photons with energies at a rate of 290-315 nm. The absorbed energy B spectrum results in 
the rupture of the double bonds between carbons 9 and 10, leading to the formation of pre­
vitamin D] (Holick et ah, 1981). Pre-vitamin D3 exists in two conformeric forms, i.e., cis-cis 
and cis-trans. Although cis-trans-pre-vitamin D3 is the most stable form, it’s laborious; 
conversion process renders it unsuitable, due to the fact that the vitamin D3 in the active 
photoproduct so would be destroyed by continued exposure to sunlight Figure 1.1.
Vitamins D2 and D3 are incorporated into chylomicrons and transported by the lymphatic 
system, into the venous circulation. Vitamin D in the circulation is bound to the vitamin D - 
binding protein, which transports it to the liver, where vitamin D is converted by vitamin D- 
25-hydroxylase into 250H D, also called calcidiol. It’s stored in many tissues particularly in 
adipose tissue it has minimal biological activity. It is then subsequently converted in the 
kidney by 25-hydroxyvitamin D-la-hydroxylase into l,25(OH)2 D, also called calcitriol thus 
becoming the biologically active form, which facilitate the absorption of calcium from 
intestinal and to help maintain normal concentration of this vital agent (Holick., 2007, Lips., 
2006, Holick., 2005b, Holick., 2003).
The half life of l,25(OH)2 D is approximately 4-6 hours (Kumar, 1984), whereas that 250H 
D is two weeks according to Holick ( 2003).
A variety of factors, including serum phosphorus, calcium, fibroblast growth factor 23 
(FGF-23), and other factors, can either increase (+) or decrease (-) the renal production of 
1,25(0H)2 D (Holick., 2005). l,25(OH)2 D decreases its own synthesis through negative 
feedback and decreases the synthesis and secretion of parathyroid hormone, by the 
parathyroid glands. l,25(OH)2 D increases the expression of 25-hydroxyvitamin D-24 
hydroxylase (24-OHase) to catabolise l,25(OH)2 D to the water-soluble, biologically 
inactive calcitroic acid, which is excreted in the bile. l,25(OH)2 D is recognized by its
receptor in osteoblasts, causing an increase in the expression of the receptor activator of 
nuclear factor-xB ligand (RANKL). RANK, the receptor for RANKL on pre-osteoclasts, 
binds RANKL, which induces pre-osteoclasts to become mature osteoclasts. Mature 
osteoclasts remove calcium and phosphorus from the bone, maintaining calcium and 
phosphorus levels in the blood. Adequate calcium (Ca^^) and phosphorus (HPO4 “”) levels 
promote the mineralization of the skeleton Figure 1.2 (Holick., 2007).
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1.4 Sources of Vitamin D
There are two main sources for Vitamin D, these being intake from food supplements or 
adequate exposure to sunlight.
1.4.1 Food Source
Food is one of the main sources of vitamin D, fish and other animal products are considered 
important sources of vitamin D to fulfill daily requirement. In nature, very few foods contain 
vitamin D. The main sources of vitamin D are cod liver oil, oily fish such as salmon, 
mackerel, and sardines, milk and egg yolk (Hollis., 2005). Self nutrition data web site 
(www.nutritiondata.self.com), illustrate the highest foods with Vitamin D (based on levels 
per 200-Calorie serving). All tables are presented in Appendix C.
The vitamin D content of unfortified foods is generally low, with the exception of fish, many 
of which contain (200 to 600 lU). Vitamin D has already been recognized as being critically 
important for the prevention of rickets, osteomalicia and osteoporosis. The United States, 
Canada, and many other Europeans instituted a policy of fortifying some foods with vitamin 
D. Table. 1 illustrates Vitamin Dz & D3 Sources (Leavitt., 2008).
1.4.2 Sunlight
Sun exposure is the most vital source of vitamin D; UV rays cause the synthesis of vitamin 
D by activating 7-dehydrocholesterol in the skin. An increase in the zenith angle of the sun 
during winter, early morning and late afternoon, results in the UVB photons having to travel 
a longer path through the ozone layer, which efficiently absorbs them. This current theory 
therefore suggests that a geographical position of either above, or below, 35° latitude will 
result in very little, if any, vitamin D is formed in the skin i.e., during winter months. It 
would also explain why, in far northern and southern regions of the world in the summer, 
where the sun shines almost 24 hours a day, vitamin D3 synthesis occurs only between the 
hours of approximately 10 am and 3 pm (Holick., 2008). Ten to fifteen minutes of sun
exposure, at least two times per week to the face, arms, hands, or back, without sunscreen, is 
usually sufficient to provide adequate vitamin D (Holick., 2004a). In the absence of sun 
exposure, at least 25 pg (1000 lU) of vitamin D is required to satisfy the body’s requirement 
(Holick., 2008). Most studies have documented that living at low latitudes, having more sun 
exposure throughout life and having higher circulating levels of 250H D, may be associated 
with a decreased risk of developing and dying of the most common cancers, including 
cancer of the colon, prostate and breast (Garland et al., 2006). Living at higher latitudes and 
therefore being exposed to a higher risk of vitamin D deficiency, has also been associated 
with an increased risk of autoimmune diseases, including multiple sclerosis and type I 
diabetes, together with hypertension (Holick., 2008).
Persons with darker skin require longer sun exposure; however, the total yield of vitamin D3 
is the same for white and dark skin alike. Therefore the dose of UVR required to provide 
adequate vitamin D depend on the amount of skin exposed, a person’s age, and the amount 
of ambient UVB. Furthermore, the same UVB light that stimulates vitamin D3 production 
can also degrade the vitamin into inert by-products (Lucas., 2006).
Formation of vitamin D in the skin is again inhibited, if serum 250H D is already at 
adequate levels (Hollis., 2005).
Table l.l.Vitamin D2 & D3 Sources (Holick., 2007)
Vitamin D Content Source
1 Natural sources
Salmon
About 600-1000 lU of vitamin D3 Fresh, wild (3.5 oz)
About 100-250 lU  of vitamin D3 or D2 A Fresh, farmed (3.5 oz)
300-600 lU of vitamin D3 Canned (3.5 oz)
About 300 lU of vitamin D3 Sardines, canned (3.5 oz)
About 250 lU  o f vitamin D3 Mackerel, canned (3.5 oz)
About 230 lU of vitamin D3 Tuna, canned (3.6 oz)
About 400-1000 lU o f vitamin D3 Cod liver oil (1 tsp)
About 100 lU of vitamin D2 Shiitake mushrooms
About 1600 lU of vitamin D2
Fresh (3.5 oz) 
Sun-dried (3.5 oz)
About 20 lU of vitamin D3 or D2 Egg yolk
About 3000 lU of vitamin D3 Exposure to sunlight, ultraviolet B
radiation (0.5 minimal 
erythemal dose)f
Fortified foods
About 100 IU/8 oz, usually vitamin D3 Fortified milk
About 100 IU/8 oz vitamin D3 Fortified orange juice
About 100 IU/8 oz vitamin D3 Infant formulas
About 100 IU/8 oz, usually vitamin D3 Fortified yogurts
About 50 IU/3.5 oz, usually vitamin D3 Fortified butter
About 430 IU/3.5 oz, usually vitamin D3 Fortified margarine
About 100 IU/3 oz, usually vitamin D3 Fortified cheeses
About 100 lU/serving, usually vitamin Fortified breakfast cereals
D3
Suppléments
50,000 lU/ capsule
Prescription
Vitamin D2 (ergocalciferol)
8000 lU/ml
Drisdol (vitamin D2) liquid 
supplements
400 lU vitamin D, D2, or D3f
Over the counter 
Multivitamin
400, 800, 1000, and 2000 lU Vitamin D3
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1.5 Factors Affecting Vitamin D
There are numerous, individual factors that may affect the status of vitamin D and its 
metabolism in the body. Season, geographical latitude, time of day, cloud cover, smog, and 
sunscreen all affect UV ray exposure and vitamin D synthesis (Holick., 2004a).
Several factors seem to make important contributions to vitamin D deficiency. Among these, 
lack of exposure to sunlight, lack of physical activity, consumption of milk and dairy 
product, prolonged breast feeding without supplementation and inadequate weaning 
practices for children, together with multiple pregnancies for women. Also, adverse factors 
are quality of education, low level socio-economic housing, dress style, i.e. fully covered 
dress style and kind of veiling (full veiling, partly veiling or unveiled) for females. With 
respect to current research, no prospective in-depth study has been previously conducted to 
explore whether these factors play any significant role as risk factors in the deficiency of 
vitamin D (Al-Ghamdi et al., 2012, Molla et al., 2000).
According to research information available, the style of clothing is very important. Black 
clothes exclude 100% UV-B. Sunscreen excludes 95% because it contains SPF-8 , which 
blocks the UV B rays required for vitamin D synthesis by the skin (Matsuoka et al., 1992).
In the studies of Holick and co-workers (2004), exposure of Caucasian Americans to 
achieve the same, cutaneous absorption of solar light, demonstrated the importance of 
latitude, season and the time of day for sunlight exposure (Holick., 2004a). The maximal 
production of vitamin D was seen around noon in July, with decreasing production in the 
spring and autumn, and no production between first of November and 15* March. In 
countries around the equator, the production is constant throughout the year (Glerup et al., 
2000). Emigration from sun-rich countries, to countries with more northern or southern 
latitudes, without changing their habit of avoiding direct sunlight exposure, may also cause 
vitamin D deficiency (Smith., 1990).
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The pigmentation of skin plays a crucial role in the amount of sunlight absorbed. Melanin, 
the skin pigment, acts as a natural sunscreen which affects the amount of vitamin D 
produced. Therefore, the darker the skin pigmentation, the greater the amount of sunlight 
that is required to produce a given amount of vitamin D. Matsuoka et al., (1991) found that 
in order to achieve the same cutaneous absorption of solar light, an African American 
required up to 5 times the solar exposure, than a white American.. Also, aging can cause a 
decrease in the synthesis of vitamin D by the skin, due to decreased levels of 7- 
dehydrocholesterol. This results in a decrease in serum levels of 250H D (Matsuoka et al., 
1991). Studies have shown that elderly people have significantly lower levels of 250H D, 
compared to younger males and females from the same population. However, these results 
may partly be due to the differences in lifestyle. (Sedrani et al., 1983b). Researchers have 
confirmed that young adults achieved the peak concentration from sunshine which is 4 fold 
higher than in elderly person receiving the same amount of sun exposure (MacLaughlin and 
Holick., 1985, Holick., 1989, Holick., 2002).
1.6 Physiologic Function of Vitamin D
The main biological function of vitamin D in humans is to maintain serum calcium and 
phosphorus levels within a normal physiological range. The role of vitamin D in 
mineralizing the skeleton is presented in Figure. 1.3. When a serum 25OH D levels fall, 
serum ealcium levels decrease. The low calcium levels increase the secretion of PTH which, 
in turn, stimulates the hydroxylation of 250H D to l,25(OH)2 D in the kidney. l,25(OH)2 D 
binds to vitamin D receptors (VDR) in the intestinal wall to induce the synthesis of calcium 
binding proteins which increase the transport of calcium from the diet across the intestinal 
wall. When dietary calcium is insufficient to satisfy the body’s calcium requirement 
1,25(0H)2 D, and PTH plays an important role in allowing human mobilisation of calcium 
from bone in to the blood by stimulating the maturation of the osteoclasts which breakdown 
the hydroxyapitate molecule, therefore release calcium into the blood. Further, l,25(OH)2 D,
12
with PTH, also acts on the kidney to preserve renal loss of calcium and increase phosphorus 
excretion. The result of these reactions is an increased serum calcium level (Kass-Wolff, 
2004, DeLuca., 2004).
Intestine
1,25(OH)20g pyi^
Bone
Neuro
Muscular
Plasma
Ca++
M ineralization
Figure 1.3. Role of vitamin D in mineralization of skeleton. Adapted from (DeLuca., 2004)
1.7 Other Biological Roles of Vitamin D
Research in the last decade has demonstrated a significant controversy about the effects of 
vitamin D on skeletal and non skeletal tissues. Vitamin D deficiency contributes to the 
development most of chronic diseases, which led to widespread utilization of vitamin D 
supplementation for the prevention and treatment of numerous disorders (Rosen et ah, 
2012). The vitamin D receptor (VDR) is present essentially in all tissues and cells in the 
body, which concerned an important role in mineral metabolism and regulates a variety of 
other metabolic pathways, such as those involved in the immune response and cancer. 
Vitamin D receptors (VDRs) are nuclear receptors that bind to l,25(OH)2 D to trigger its 
biological function. In addition to being located in the intestine, kidney and bone for 
regulating calcium and bone metabolism, VDRs have also been found located in a wide 
variety of other tissues and organs including the brain, pancreas, skin, gonads, stomach, 
colon, breast, mononuclear cells, and activated B & T lymphocytes (Holick., 2004b). 
Studies have suggested that more than 200 different genes may be directly or indirectly 
regulated by vitamin D, through the interaction with VDR (Holick., 2008). For example 
1,25(0H)2 D is one of the most potent hormones that inhibits cellular proliferation and 
induces terminal differentiation (Nagpal et ah, 2005). Its use may well prevent several 
degenerative diseases, and may also play a role as an anti-cancer agent (DeLuca., 2004). It is 
believed that raising levels of 250H D by less than 30 ng/ml (75 nmol/L), provides enough 
substrate to the colon, prostate, breast and other tissues, to locally produce l,25(OH)2 D 
(Garland et ah, 2006).
1.8 Stages of Vitamin D Status
The different stages of vitamin D status can be classified as: deficiency, insufficiency, 
hypovitaminosis, adequacy, and toxicity Table 1.2. Vitamin D deficiency is characterised by 
a lack of the active vitamin D metabolite, calcitriol, in its target cells. Physiologically,
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circulating 250H D levels are necessary to satisfy the tissue’s requirement to produce an 
adequate amount of calcitriol. In the case of vitamin D deficiency, severe clinical symptoms 
such as rickets, osteomalacia, myopathy, severe secondary hyperparathyroidism (SHPT) 
(serum PTH > 65 pg/ml), and calcium malabsorption, are seen (Zittermann., 2006).
Table 1.2. Vitamin D status adapted from (Zittermann., 2006)
Stages of vitamin D 
status
25(OH)D
concentrations
(nmol/L)
Biochemical / clinical symptoms
Deficiency 0-25 Severe hyperparathyroidism, calcium malabsorption, rickets, osteomalacia, and myopathy
Insufficiency >25-50.0
Elevated PTH levels, low intestinal calcium absorption 
rates, reduced bone mineral density and sub-clinical 
myopathy
Hypovitaminosis D >50-70 tolOO Low body stores of vitamin D and slightly elevated PTH levels
Adequacy 70-100 to 250 No disturbances of vitamin D-dependent functions
Toxicity >250 Intestinal calcium hyperabsorption and hypercalcemia
1.9 Consequences of Vitamin D Deficiency
Vitamin D deficiency is the most common cause of rickets or osteomalacia. In osteomalacia, 
the most surfaces of cortical and trabecular bone are covered with thick osteoid seams. 
While in osteoporosis usually only small amounts of osteoid are visible (Lips., 2006).
Only 10-15% of dietary calcium and 50-60% of dietary phosphorus, is absorbed in vitamin 
D deficiency. The low serum 1,25(OH)] D and poor absorption of calcium causes a decrease 
in serum-ionized calcium levels. This is immediately recognized by the calcium sensor in 
the parathyroid glands, resulting in an increase synthesis of parathyroid hormone (PTH), and
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this result in high bone turnover and increased bone resorption. This causes bone loss, 
mainly from cortical bone, therefore leads to osteoporosis.
PTH preserves ealcium by increasing re-absorption of ealcium. l,25(OH)2 D, similar to 
PTH honnone improves the expression of RANKL on osteoblasts, to increase the 
manufacture of mature osteoclasts, which mobilize calcium stores from the skeleton. PTH 
also decreases phosphorus re-absorption in the kidney, causing loss of phosphorus into the 
urine Figure 1. 4 (Lips., 2006, Holick., 2006b).
Vitamin D or 
calcium deficiencyI
Decreased Ca^
Parathyroid glands
Normal or decreased Ca-'
Decreased  
Ca^ '* X H PO /' product
Increased PTHI
Decreased
HPOT
Mineralization defect 
Rickets,Osteomalacia '
Increased -► HPO/ Decreased  H PO / . 1 ?5 (OHl D
-tsm.
Decreased 
Ca^ * X H PO /' product
Figure 1.4. Biochemical changes in calcium and phosphorus metabolism due to vitamin D or calcium 
deficiency. Adapted from (Holick., 2006).
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1.10 Vitamin D Toxicity
Vitamin D toxicity, also called hypervitaminosis D, occurs when blood serum 
concentrations of 250H D become excessively high, causing adverse systemic effects. The 
human skin has limited capacity to form the precursor, 7-dehydrocholesterol and had limited 
capacity to take up cholecalciferol. Vitamin D, toxicity is usually caused by mega doses of 
vitamin D supplements not by diet or sun exposure. This is because the body regulates the 
amount of vitamin D produced by sun exposure, and even fortified foods don't contain large 
amounts of vitamin D.
Vitamin D intoxication is observed when serum levels of 250H D are greater than 750 
nmol/L the more prudent upper limit of 250 nmol/L might be retained to ensure a wide 
safety margin (Jones., 2008). Heaney (2009) reported no toxicity occurred when subjects 
had serum 25OH D levels less than 80 nmol/L, or received 20000 lU/day of vitamin D. 
While toxicity occurs at levels of 500 nmol/L or higher (Heaney., 2009). The main 
consequence of vitamin D toxicity is elevated of calcium levels in the urine (hypercalciuria) 
followed by elevated calcium in the blood (hypercalcemia). This can lead to raised blood 
pressure and calcification of soft tissue including the heart, lung kidneys, and blood vessel 
walls. (Ross et al., 2011b).It important to note that an overdose of vitamin D is not 
associated with an absence of high calcium level, the long effect of vitamin D overdose is 
not known.
1.11 Vitamin D and Health
In meta- analysis of controlled trials of vitamin D supplementation, mortality was found to 
be 7% higher in those with a poor vitamin D status than those with vitamin D level than 
normal rang (Autier and Gandini., 2007).
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Vitamin D prevents rickets in children and osteomalacia in adults and, together with 
calcium helps to protect older adults from osteoporosis. The most important role of vitamin 
D is to maintain bone calcium balance by promoting calcium absorption in the intestine. 
Also it promotes bone resorption by increasing osteoclast number and maintains calcium 
and phosphate level for bone formation (Lanham-New., 2008)
There is a strong relationship between vitamin D deficiency and the incidence of diabetes. 
This association due to the accessibility of VDR in both immune cell and (p) cells in the 
pancreas involved in l,25(OH)2 D formation. Recent review suggesting vitamin D may play 
a major role in type 2 diabetes and progression of type 2 diabetes, which reported vitamin D 
intake >500 international units (IU)/day decreased the risk of type 2 diabetes, individual 
have highest 250H D status >50 nmol/L had 43% lower risk of developing diabetes type 2 
compared with those in the lowest group < 28 nmol/L (Mitri et al., 2011).
When vitamin D is insufficient, levels of dietary calcium are increased and may contribute 
to calcification of arteries and potentially, atherosclerosis. Because vitamin D regulates 
vitamin D- binding protein including some calcium binding protein, which are responsible 
for carrying calcium in the blood stream and protecting cells from damaging effects of free 
calcium. Lee et al, (2008) found insufficient 250HD level may adversely affect 
cardiovascular health (Lee et al., 2008).
Different studies have associated between low levels of vitamin D with chronic. 
Musculoskeletal disease reported and summarized by Leavitt (2008) in Appendix D, with 
courtesy. The International Association for Research of Cancer (2008) reported that 
increased risk of colorectal cancer and adenoma are associated with low of250H D.
1.12 Determination and Measurement of Vitamin D
The circulating 250HD is the best marker for vitamin D deficiency. Serum is typically used 
for measuring vitamin D metabolites vitamin D3 and vitamin D2 .
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Most assays for vitamin D metabolism contain at least three steps: (1) extraction, (2) 
purification, and (3) quantification. Extraction frees, and partially purifies, the metabolites 
that are most completely associated with vitamin D binding protein (DPB) and albumin. The 
purification step separates vitamin metabolites, lipid and interfering substances. Partially 
purified vitamin D metabolites are measured by Competitive Protein Binding Assay 
(CPBA), Radioimmunoassay (RIA), or UV absorption (Endres and Rude., 1994). Specific 
and sensitive assays have been developed for measuring vitamin D. In early 1970 the first 
method for measuring 25OH D were described, based on competitive protein binding after 
extraction. The second method was liquid chromatography (LC) or higher performance 
liquid chromatography (HPLC); which based on chromatographic separation was available 
later in 1970. Radioimmunoassay (RIA) was developed in 1985; followed by non- 
immunological direct detection by mass spectrometry (LC-MS/MS) in 2004. 
Chemiluminescent immunoassay was introduced by Diasorin in 2004, named "Liaison". It 
was updated and replaced to improve sensitivity and precision and renamed it "Liaison 
Total" in 2007. The same antibody was used for the three Diasorin assays (RIA, Liaison and 
Liaison Total). Recently Electrochemiluminescent immunoassay (ECLIA) for the ‘Elecys’ 
and ‘Cobas E’ from Roche was used because it is specific for 250H D3 (Wallace et al., 
2010).
Jafii and colleagues, (2011) compared the three different assays (HPLC, RIA, and ECLIA) 
for the quantification of 250H D, they concluded acceptable correlation between HPLC and 
RAI and also RAI with ECLIA. However, the lack of accuracy for 250H D analysis 
methods due to the absence of 250H D standard which makes the reported results more 
doubtful (Jafii et al., 2011). Most procedures have the required sensitivity to identify severe 
vitamin D deficiency 25OH D < 25 nmol/1. RIA and LC-MS/MS are the more sensitive. The 
main strengths advantages for HPLC and LC-MS/MS identified were the ability to measure 
250H D2 and 25OH D3 separately (de la Hunty et al., 2010). Vitamin D status is best 
determined by the measurement of 250H D. Most experts agree that a 250H D< 25 nmol/L 
measurement is representative of severe vitamin D deficiency which causes rickets in 
children and osteomalacia in adults. Vitamin D deficiency concentration between 25-50
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nmol/L, causes secondary hyperparathyroidism besides increase bone loss and bone 
turnover. Vitamin D insufficiency is defined as 250HD of 50-70 nmol/L and > 75 nmol/L 
(Holick., 2008, Holick., 2009). Some experts are of the opinion that for optimal health 
circulating 250H D concentrations should be maintained > 75 nmol/L (Bischoff-Ferrari et 
al., 2006).
1.13 Vitamin D Studies in the Middle East
The Middle East region includes western Asia and some parts of North Africa Figure. 1.5. A 
commonly used modem definition includes the following countries: Bahrain, Egypt with its 
Sinai Peninsula in Asia, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, 
Saudi Arabia, Syria, Turkey, the United Arab Emirates, and Yemen (El-Desouki and Al- 
Jurayyan., 1997, Mishal., 2001). The Middle East has a hot and arid climate and the 
latitudes it spans, from 12° to 42° N, allows vitamin D synthesis from ultraviolet B (UVB) 
rays lasting more than 8  hours a day, for almost all months of the year (Holick., 2004a). The 
Middle East is a region that registers some of the highest rates of rickets worldwide. This is 
largely explained by limited sun exposure, cultural practices, dark skin color and low 
calcium intake, rather than a deficiency in vitamin D which is present in several Afiican 
countries (Mishal., 2001).
The status of Vitamin D varies greatly among countries in Europe, the Middle East and 
Asia. This is caused by different exposure to sunshine, life style, dietary intake habits and 
vitamin D supplements. Vitamin D deficiency is defined when semm 25OH D is lower than 
25 nmol/1 and vitamin D insufficiency is considered to exist when semm 25OH D is 
between 25 and 50 nmol/1, as was mentioned previously (Lips., 2007, Zittermann., 2006). 
Hypovitaminosis D has already been identified as a worldwide problem, and has been 
observed in both developed and developing countries, including the Middle East continues 
to be a worldwide problem today represented in Table 1.3. Low levels of vitamin D have 
been reported in young children and adolescents in Lebanon (Fuleihan et al., 2001) and
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(Salamoun et a l 2004); Iran, (Moussavi et al., 2005 ;Dahifar et al,. 2006); Sudan, (El Hag 
and Karrar., 1995); Turkey, (Hatun, et al ;2005; Ozkan, 2009); Yemen, (Underwood and 
Margetts., 1987); Libya, (Elzouki etal., 1989); Tunisia, (Parent etal., 1987); and Egypt, 
(Aboul-Dahab and Zaki., 1963), (Sakr etal., 1971). Low vitamin D status has been also 
reported in Jordanian adults (Mishal., 2001), Tunisian adults ( Meddeb et al., 2005), Iranian 
adults (Hashemipour etal., 2004), Egyptian adults (Lotfi etal., 2007) and Moroccan adults 
Allali etal., 2009, Allah et a 1., 2006).
Many studies conducted in the Middle East have shown that a deficiency in vitamin D is 
more prevalent in females, than males. For example, according to Moussavi etal (2005) in 
Iran, vitamin D deficiency (<20 ng/ml) 50 nmol/1 in all subjects was 46.2% (72.1% in 
females and 18.3% in males). Vitamin D deficiency in female students was approximately 
four times more common than in males (OR = 3.9, 95% Cl = 1.88-3.91, p < 0.001). In 
Lebanon, the proportion of children who were vitamin D-deficient was higher in girls than 
in boys (32% vs 9% in Spring and 7.5% vs 0% in Autumn in girls and boys, respectively). 
Similarly, the proportions of children with insufficiency were 42% versus 46% in Spring 
and 46% and 25.3% in autumn in girls and boys, respectively (Fuleihan etal., 2001). For 
religious reasons, it is common for females to cover most of their body with traditional, 
black veiling, leaving the face and hands, which are also sometimes covered. Consequently, 
females in the Middle East are deprived of adequate sun exposure, necessary for bone 
health.
Hypovitaminosis D was highly prevalent in veiled women as reported by Allali etal (2009). 
Fuleihan, etal. (2001) found that girls who followed a dress code of covered head, arms, and 
legs had a 25OH D level of 30 ±37.5nmol/l, compared with 45±15 nmol/1 in girls from the 
same school with a normal dress code (P<0 .01). Hantun (2005) found that 50% of vitamin 
D deficient females in his study were wearing covered dress. The serum 250H D 
concentration of girls in that group 28.13 ± 12.53 nmol/1 was lower than those in other, 
unveiled groups, i.e., (56.73 ± 29.33 and 49.92 ±25.18 nmol/L, 22.69±11.73 and 19.98 
±10.07ng/ml), respectively, {P < 0.05).
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The incidence of osteoporosis increases with age. Meddeb etal. (2005) found that 
hypovitaminosis D was 47.6%, and this increases with age. It was also highly prevalent in 
women >55 years {P = 0.025) (Allali et al., 2008). The effect of socio-economic status was 
clearly examined by Fuleihan et al (2001).
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1.14 Vitamin D Studies in Saudi Arabia and the Gulf
Vitamin D deficiency represented by low levels of 250H D has been found to be common 
among adolescents, as shown by many studies in Saudi Arabia and other Gulf countries 
(Table. 1.4). In Saudi Arabia, 75% of children with rickets had serum 250H D <20 nmol/L 
vs 25% of controls (Al-Mustafa et al; 2007). Levels below <25 nmol/L were reported in a 
study by Al-Jurayyan, et al. (2002). Siddiqui and Kamfar found that out of 433 girls, 81% 
(n=350) had low vitamin D levels, ranging fi*om 2.2-24.0 nmol/L. A severe vitamin D 
deficiency was noticed in 40% (n=173) of girls of the total population studied (Siddiqui and 
Kamfar., 2007). Vitamin D deficiency has also been observed in Kuwait (Molla et al., 2000) 
and the United Arab Emirates (Henry et al., 2004). Association of low vitamin D in mothers 
and their infants has been reported in Saudi Arabia (Serenius., 1984), in Kuwait (Molla et 
al., 2005) and in the United Arab Emirates (Dawson et al., 1996; Dawodu et al., 2005). 
Exposure to sunlight contributes greatly to the maintenance of calcium homeostasis and 
consequently, to bone health. Although Saudi Arabia and Gulf countries receive abundant 
sunlight during the year, vitamin D deficiency is fairly common due to a lack of exposure to 
sunlight, (Al-Mustafa et al., 2007, Sedrani et al., 1983a, Narchi et al., 2001). In a study 
conducted by Siddiqui,eW (2007), which researched habits of sun exposure in girls with low 
vitamin D , it was found that 19% ( n= 67) were never exposed to the sun, 67% ( n= 205) 
were exposed for less than 15 minutes, and 75% (n= 235) had indirect exposure. Lack of 
exposure to sunlight was recorded in 90% of the children with rickets, as found by Al- 
Mustafa, et al. (2007). Children of lower socio-economic classes on the whole, received 
more exposure to sunlight than others, while exposure to sunlight in the upper classes was 
more confined to weekends at the seaside (Bahijri., 2001). Similar findings on the effect of 
reduced sun exposure were reported in the United Arab Emirates (Dawson et al., 1996). 
Studies in Saudi Arabia by Al-Mustafa, et al. (2007). Fouda, (1999) and Narchi et al (2001), 
reported circulatory levels of parathyroid hormone (PTH) above the upper limit in the 
normal range of 50 pmol/L, in relation to vitamin D deficiency.
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Alkaline phosphatase (ALP) enzyme is considered a significant indicator of osteoblastic 
activity. Serum alkaline phosphatase levels were found to be elevated higher than 1000 U/L 
in 96.1% of cases (Erfan et al., 1997). (Fida., 2003) showed that 98.3% of patients had a 
high value of ALP. It was raised in four patients, with males having a value of 346 U/L and 
females, a median value of 413 U/L (Fouda., 1999). 75% of cases had alkaline phosphatase 
levels >500 U/L vs 28% of controls, as confirmed by Al-Mustafa et al (2007).
1.14.1 Information of Jeddah City.
Jeddah is the second, largest city in Saudi Arabia, located on the eastern coast of the Red 
Sea and is the major urban centre of the Western region in Saudi Arabia. The population of 
the city currently stands at over 3.4 million. It is considered to be the commercial capital of 
Saudi Arabia. Jeddah’s climate is a mixture of the Mediterranean and continental climate, 
which is characterized by a high percentage of humidity, particularly during the summer 
Figure. 1.6. It is located at Latitude 21.5 N and Longitude 39.18 E. The Zone is East Africa 
time GMT+3. There is sunshine throughout the whole year, and UV-B rays were found to be 
the highest in Jeddah during the summer, peak time being between 10:00 am & 3:00 pm. 
The dress code of Saudi Moslem adolescent girls and women after 12 years old is strict and 
consists of a total coverage of the body and hair with a long, dark Abaya and Tarha (Islamic 
scarf).
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1.15 Parathyroid Hormone and its role in vitamin D synthesis / regulation
PTH is synthesized and secreted by the four parathyroidglands located adjacent to, the 
thyroid gland in the neck. The glands are composed of chief and oxyphil cells; both cells 
types contain PTH Figure. 1.7. Parathyroid consists of a single, polypeptide chain, 
containing 84 amino acids, with molecular weight of 9300. PTH is cleaved at 33-34 and 36- 
37 position to produce amino terminal fragment, which necessary for biological activity and 
inactive carboxyl terminal fragment, PTH has a half-life from 4-10 minutes due to rapid 
degradation in the liver. Parathyroid hormone provides a powerful mechanism for 
controlling extracellular calcium and phosphate concentrations by regulating intestinal re­
absorption, renal excretion, and exchange between the extracellular fluid and bone of these 
ions. Excess activity of the parathyroid gland causes rapid absorption of calcium salts from 
the bones, with resultant hypercalcemia in the extracellular fluid; conversely, hypofunction 
of the parathyroid glands causes hypocalcemia, often with resultant tetany (Greenspan and 
Gardner, 1997).
The biological actions of PTH influence both calcium and phosphate homeostasis, directly 
through its action on three target organs bone, kidney, and indirectly in the intestine through 
1,25(0H)2 vitamin D.
Vitamin D receptors in the parathyroid gland interact with l,25(OH)2 D to chronically 
suppress PTH synthesis and secretion. The combined effects of PTH and l,25(OH)2 D on 
bone, kidney and intestine are: a decrease of serum phosphate, but an increase of calcium. In 
the absence of disease, increased calcium reduces PTH through a negative feedback loop, 
maintaining calcium homeostasis (Endres and Rude, 1994).
PTH exerts its action on bone and kidney via :(1) Increased calcium reabsorbtion; (2) 
Decreased re-absorption of phosphate; (3) Stimulated production of l,25(OH)2 vitamin D, 
which, in turn, stimulates intestinal absorption of both calcium and phosphate. The effects of
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PTH on bone are complex, as evidenced by its stimulation of bone resorption or bone 
fonnation, depending on the concentration of PTH and the duration of exposure. PTH acts 
directly or indirectly by altering the activity or numbers of osteoblasts and osteoclasts.
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Figure 1.7. Parathyroid hormone. Adapted from (Guyton and Hall., 1986).
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1.16 Calcitonin
Calcitonin (CT) is a 32-amino-acid peptide, derived from pro-calcitonin. Secreted by C cells 
of the thyroid gland, and was originally identified as a hypocalcémie factor (Copp., 1969). It 
is the third hormone involved in calcium homoeostasis. Calcitonin has a half-life 5 minutes 
and it is usually degraded by the kidney, liver and bone The main physiologic function is 
decrease plasma calcium and phosphate concentration by decreasing bone resorption 
(Patricia and Molina., 1976).
Calcitonin (CT) is regulated by the level of free calcium in the plasma. When calcium 
increases, there is also an increase in CT secretion; however, when calcium decreases, CT 
secretion is also decreased. In general, the opposite effect is true for PTH, whose secretion is 
also stimulated by l,25(OH)2 D. A pharmacological dose of calctionin reduces serum 
calcium and phosphate concentration, by inhibiting osteoclastic bone resorption. Most 
investigators find that women have a lower CT than men and this decline with age (Heath 
and Sizemore., 1977).
Calcitonin levels were significantly higher in mature and newborn infants, than during the 
first year of life. However, calcitonin levels in the first year of life were still significantly 
higher than during the second to sixth years. This fall in serum calcitonin levels parallels the 
age-related decline in the rate of bone growth (Klein et al., 1984).
1.17 Bone Health
The clinical end point of vitamin D is important to the development of bone. Obviously, 
bone anatomy and its components should first be explained:
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1.17.1 Bone Definition and Classification
Bone is a dynamic and, changeable tissue that is remodeled constantly throughout life. It is 
considered to be the arrangement of compact and cancellous bone which provides strength 
and density suitable for the support and protection of the body’s organs. Bone also regulates 
hematopoiesis by providing places for hematopoietic cell proliferation and differentiation 
(Frost., 2004, Gardner and Shoback., 2007).
Mechanically, bone needs to be rigid, but not brittle, to enable everyday activities. 
Metabolically, bone works as a storehouse and as a homeostatic buffer system. The major, 
reservoir function of bone is to supply phosphorous and calcium to maintain the serum 
mineral homeostasis, along with other ions, such as sodium and magnesium. The skeleton 
represents 17% of the body weight (Bilezikian et al., 2002). All humans are bom with over 
300 bones. However, some bones, such as those in the skull and lower spine, fuse (join 
together) during growth, thereby reducing the number to 206 bones in the adult human 
body.
Bones may be classified into four types, according to their shape. These are long bones, 
short bones, flat bones, and irregular bones; they are different in anatomy and in the 
mechanism of development. They are also distinguished by their location in the body: Long 
bones are found in the peripheral skeleton, whereas flat bones are generally located in the 
central skeleton.
The anatomy of long bones shows a cylindrical tube in the centre (diaphysis), with wider 
regions at each end (epiphysis), and a transition area in-between (metaphysis).
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1.17.2 Bone tissue
There are two types of bone tissue: Compact and spongy. These names imply that the two 
types differ in density, or how tightly the tissue is packed together. Figure 1.8 (Frost., 2004, 
Bloom et al., 1968)
1.17.2.1 Compact Bone (Cortical bone)
Compact bone is a dense bone. It consists of closely packed osteons or haversian systems. 
The osteon consists of a central canal called the osteonic (haversian) canal, which is 
surrounded by concentric rings (lamellae) of matrix. Between the rings of matrix, the bone 
cells (osteocytes) are located in spaces called lacunae. Small channels (canaliculi) radiate 
from the lacunae to the osteonic (haversian) canal, in order to provide passageways through 
the hard matrix. Compact bone represents 80% of total bone mass of an adult skeleton 
(Bloom et al., 1968).
1.17.2.2 Spongy Bone (Cancellous Bone)
Spongy (cancellous) bone is lighter and less dense than compact bone. It consists of plates 
(trabeculae) and bars of bone adjacent to small, irregular cavities that contain red bone 
marrow. The canaliculi connect to the adjacent cavities, instead of a central haversian canal, 
to receive their blood supply. Trabecular bone accounts for the remaining 20% of total bone 
mass. Figure. 1.9 (Bloom et al., 1968, Vaughan, 1981)
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Figure 1.8. Long bone anatomy. Adapted from www.dentistry.leeds.ac.uk//nutrition.htm.
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Figure 1.9. Compact cortical & spongy bone. Adapted from www.wikipedia.org/wiki/FiIe: compact 
spongy bone.
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1.17.3 Bone Matrix
Bone matrix has both inorganic and organic components. The inorganic portion of bone, 
which comprises approximately 65% of its dry weight, is composed mainly of calcium and 
phosphorus, along with other components, including bicarbonate, citrate, magnesium, 
sodium, and potassium (Holick and Dawson-Hughes., 2004). Calcium and phosphorus exist 
primarily in the form of hydroxyapatite crystals, but calcium phosphate is also present in an 
amorphous form. The organic component of bone matrix, constituting approximately 35% of 
the dry weight of bone, includes fibers that are almost exclusively type I collagen, and these 
make up approximately 80% to 90% of the organic component of bone (Vaughan., 1981).
1.18 Bone Cells
The bone cells are osteoprogenitor, osteoclasts, osteoblasts and osteocytes.
1.18.1 Osteoprogenitor Cells
These cells, derived from embryonic mesenchyme, then undergo mitotic division and 
have the potential to differentiate into osteoblasts. Osteoprogenitor cells are located in 
the inner cellular layer of the periosteum, lining haversian canals, and in the endosteum. 
They are the most active during the period of intense bone growth (Gartner and Hiatt., 
1997). However, under certain conditions of low oxygen tension, these cells may dif­
ferentiate into chondrogenic cells.
1.18.2 Osteoblasts
Osteoblasts, derived from osteoprogenitor cells, are responsible for the synthesis of the 
organic components of the bone matrix. They are located on the surface of the bone 
matrix usually arrangement side by side in a layer and it has cuboidal, when synthesis 
activity decline they flatten. The cell membranes of osteoblasts have several factors, the
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most significant of which are integrins and parathyroid hormone receptors. When para­
thyroid hormone binds to these receptors, it stimulates osteoblasts to secrete osteoprotegerin 
ligand (OPGL); this stimulating factor not only induces the differentiation of pre-osteoclasts 
into osteoclasts. But also activates osteoclasts to re-absorb bone. Osteoblasts secrete 
enzymes responsible for removing osteoid, so that osteoclasts are able to make contact with 
the mineralized bone surface.
Osteoblast cell membranes are rich in enzyme alkaline phosphates. During active bone 
formation, these cells secrete high levels of this enzyme into the blood, and it is therefore 
considered as one of the bone formation markers (Amett and Dempster., 1990, Gartner and 
Hiatt., 1997).
1.18.3 Osteocytes
Osteocytes are mature bone cells, derived from osteoblasts. There are as many as 20,000 to 
30,000 osteocytes per mm^ of bone. When osteoblasts become trapped in the matrix, they 
secrete a substance which is necessary for bone maintenance. Osteocytes are networked to 
each other via long, cytoplasmic extensions that occupy tiny canals called canaliculi, which 
are used for the exchange of nutrients and waste. Although osteocytes have reduced 
synthetic activity and, like osteoblasts, are not capable of mitotic division, they are actively 
involved in the routine turnover of bony matrix, through various mechanosensory 
mechanisms, that control the activity of osteoblasts and osteoclasts within a basic 
multicellular unit. They destroy bone through a rapid, transient mechanism called osteocytic 
osteolysis (Knothe Tate et al., 2004, Gartner and Hiatt., 1997).
1.18.4 Osteoclasts
The Precursor of the osteoclast originates in the bone marrow. Osteoclasts are large, multi­
nucleated cells located on bone surfaces. The osteoclasts are responsible for bone resorption 
and, like osteoblasts, they are instrumental in controlling the amount of bone tissue: 
Osteoblasts form bone - osteoclasts re-absorb bone (Amett et al., 2003). The mechanism of 
bone resorption occurs w ithin osteoclasts; The osteoclast releases hydrogen ions
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through the action o f  carbonic anhydrase through the ruffled border into the 
resorptive cavity the enzyme, carbonic anhydrase, catalyzes the intracellular 
fonnation o f carbonic acid (H 2 CO3) from carbon dioxide and water. Carbonic acid 
dissociates within the cells into ions and bicarbonate ions, HCO3 . The bicarbonate ions, 
accompanied by Na"^  ions, cross the plasma membrane and enter nearby capillaries. The 
inorganic component of the matrix is dissolved as the environment becomes acidic; the 
liberated minerals enter the osteoclast cytoplasm to be delivered onto nearby capillaries. 
Osteoclasts are regulated by several hormones, including parathyroid hormone (PTH) from 
the parathyroid gland and calcitonin from the thyroid gland. Figure. 1.10 (Gartner and Hiatt., 
1997).
Osieociasi
Nucleus
Nucleus
I I
Lysosomes
^  / i /  C0 ,*H , 0 H 'H H CO
\ Ruffled
bordée
Section of 
ctrcum%fen;iai 
dear zone
B one matrix Microenvironment of iO*v pH 
and lysosomal enzymes
Figure 1.10. Osteoclastic function. Adapted from (Gartner and Hiatt., 1997).
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1.19 Bone Re-modelling
Bone remodeling is a continuous process of breakdown and renewal that occurs throughout 
life, where old bone is removed from the skeleton as bone resorption and new bone is added 
as bone formation. Remodeling proceeds at a vigorous rate during childhood and 
adolescence (Gardner and Shoback., 2007). In normal adults there is a balance between the 
amount of bone resorbed by osteoclasts and the amount of bone formed by osteoblasts 
(Forest ,1964).The purpose of remodeling is to regulate calcium homeostasis, repair micro­
damaged bones (from everyday stress) and also to shape and sculpture the skeleton during 
growth (Wheeless et al., 1996, Gartner and Hiatt., 1997). The development of the skeleton is 
relatively complex. It depends on the simultaneous activity of several different types of 
cells, working together in close consort. There are three principal types of specialized cells, 
namely osteoblasts, osteoclasts, and osteocytes. Figure 1.11 represented the four stages of 
remodeling cycle. (l).Resorptive phase: a distinct area of mineralized bone matrix is 
resorbed by activated multinucleated osteoclasts originating from monocytes. (2). Reversal 
phase: osteoprogenitor precursor of osteoblast cells can proliferate and differentiate to 
osteoblast cells, and migrate into the resorption lacuna and stimulate the former osteoclastic 
activity (3) Formative phase: the new bone matrix is deposit by osteoblasts which is earlier 
unmineralized and called osteoid, sealing the resorption lacuna. (4) Resting phase: the 
osteoblasts mature into terminally differentiated osteocytes. The osteoblasts that are on the 
surface of the newly formed bone packet are dormant until activated. (Hill., 1998). In 
general the bone formation and resorption is controlled by autocrine and paracrine factors 
such as PTH and l,25(OH)2 D.
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Figure 1.11. Bone re-modeling. Adapted from www.arthritis-research.com.
The temiination of bone reorption and the initation of bone fonnation occur in coupling 
process. The coupling process ensures that an equivalent amount of bone is laid down 
following the previous resorption phase. A number of hypotheses have been proposed to 
explain the nature of the activation and coupling process. Although some growth factor such 
as insulin growth factor [IGF-I, IGF-II], or transforming growth factor [TGF],under the 
influence of PTH), is released from the bone matrix during bone resorption, that the 
stimulation of osteoblastic activity leads to new bone formation ( Mundy., 1999, Locklin et 
al., 2003). The pathogenesis of many bone disorder such as osteoporosis and Paget disease, 
has been assigned to imbalances in the rate of bone fonnation and resorption.
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1.20 Bone Markers
Biochemical markers of bone health have been used for more than two decades. 
Biochemical measurements of bone turnover are useful in the study of the pathophysiology 
of skeletal metabolism and growth. Bone formation and resorption are a coupled process, 
with experimental tests showing a pattern of regular, similar changes for abnormal or 
excessive bone formation and resorption (Endres and Rude., 1994).
Bone turnover is a process that results in the release of biochemical markers into the 
circulation, and then possibly into the urine. Potential mechanisms that can bring about 
osteoporosis include; decreased bone formation, increased bone resorption, or abnormal 
bone mineralization (Ponghaiyakul and Kosulwat., 2008)
The rate of formation or degradation of the bone matrix can be assessed either by measuring 
(1) bone matrix proteins, (2) enzymes synthesised by osteoblasts or osteoclasts and (3) 
degradation products of bone matrix released by the action of osteoclasts (Heaney et al., 
2 0 0 0 b).
Bone formation markers can be categorized as either direct- or indirect-components 
(proteins) of active osteoblasts produced during different phases of bone formation. All 
biological markers of bone turnover are analyzed in serum or plasma. The biological process 
of bone resorption encompasses both osteoclast activity and collagen metabolism. Because 
of the high content of collagen type I in the bone matrix (>90%), this is the primary source 
of analytes [from collagen degradation] for monitoring bone resorption Table. 1.5 illustrates 
the name and abbreviation of bone markers (Murphy and Carroll., 2003)
At birth, levels of some biochemical markers are higher than in adults. During the first days 
of extrauterine life, [osteocalcin OC, Hydroxyproline HPro and Amino terminal cross-linked 
telopeptide NTX] increase rapidly. The rate of increase slows until the end of the first month 
of life. After achieveing their peak, formation marker (osteocalcin OC, Procollagen I
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carboxy-terminal propeptide PICP) and resorption marker (Hydroxyproline HPro, 
Pyridinoline Pyr) decrease between the third month and third year of life which corresponds 
to the slowing of linear growth. After 3 years of age, serum formation markers and 
creatinine-normalized urinary resorption markers remain constant or decrease slightly until 
initiation of puberty. Values are similar in age matched prepubertal boys and girls but higher 
than in adults and lower than in infants (Szulc etal., 2000). The interpretation of bone 
turnover markers in children and adolescents is still poor, few recent studies that investigate 
different serum and urine analytes that reflect bone formation and resorption to observe bone 
health during longitudinal growth. The measurement of bone markers in serum insted of 
urine in infants and young children, because of the difficulty to collect urine in there 
subjects. Bone turnover values are similar in age-matched boys and girls during the 
prepubertal growth. The increase in different markers Coincides with the pubertal growth 
(Jurimae., 2010).
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Table 1.5. Biochemical markers of bone formation and resorption.
Bone formation Markers Abbreviation Body Fluid
Total alkaline phosphatase ALP Serum
Bone spécifié alkaline 
phosphates Bone ALP Serum
Osteocalcin (bone Gla-protein) OC Serum
Carboxy terminal propeptide of 
type I procollagen
Amino terminal propeptide of 
type I proeollagen
PICP
PINP
Serum
Bone Resorption Markers Abbreviation Body Fluid
Tartrate resistant acid 
phosphatase TRACP
Deoxypyridionoline DPD or DPy
Pyridionoline PYD
Carboxy terminal cross linked 
Collagen type I CTX
Amino terminal cross-linked 
telopeptide Collagen type I NTX Urine
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1.21 Bone Mineral Density (BMD)
Bone mineral density is a medical term referring, to the measurement of bone density and 
reflecting the strength of bones as represented by calcium content. Measuring of bone mass 
and bone density is a common part of managing osteopenia (mild bone loss) and 
osteoporosis (more severe bone loss). BMD refers to the ratio of weight to the volume of the 
bones.BMD can be calculated by dividing the measured bone mineral content by the 
measured bone area, which is represented by gm/cm^ and it is most often compared to a 
population value (Faulkner., 2005).
Bone mass can be measured in the total body or in specific regions of the skeleton such as 
spin, hips, legs, and arms. The bone mass of particular parts of the skeleton, is directly 
dependent on both the volume or size of the part concerned, and the density of the 
mineralized tissue contained The most common method for measuring bone mass is called 
Dual Energy X-ray Absorptiometry DXA. The values generated by these techniques are 
directly dependent on both the size and integrated mineral density of the scanned, skeletal 
tissue, (Eis and Lewiecki., 2006).
As a consequence, both BMC and BMD are influenced by the size, shape and orientation of 
the bone, and can provide no information about the internal structure. Measurement of bone 
mineral density has become an essential element in the evaluation of patients at risk for 
osteoporosis. Results from DXA are generally scored and compared by two measured 
standards known as the T-score (young, normal) and the Z-score (age matched). For children 
the BMD is given as Z- score. It compares to the normal range of children of the same age. 
Score of adults are given as T-score It compares to the healthy 25 year old person of the 
same sex. Scores indicate the amount of variation of bone mineral density from the mean. 
Negative scores indicate lower bone density, and positive scores indicate higher (Kanis., 
1999).
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1.22 Peak Bone Mass
The “peak bone mass” is the amount of bone tissue present at the end of skeletal maturation 
(Bonjour et al., 1994). The skeleton grows in length, and in mass. The total skeletal mass 
reaches a peak, for normal body weight of individuals, after fusion of the long bone 
epiphyses. The exact age which bonny accumulation reaches plateau depend on how bone 
mass is measured and the skeletal region (Heaney et al., 2000a).
Adolescence is a crucial period during which bone mass is attained in the body, especially in 
the case of females. In adolescent girls, the gain in BMD declines rapidly after menarche 
and is in-significant two years later. In adolescent boys, the gain in BMD, or in bone mineral 
content (BMC), is particularly rapid between the ages of 13 and 17 years, but declines 
markedly thereafter in all sites, except the lumbar spine and mid-femur, where growth 
continues until the age of 20 years. However, no significant increase in BMD is observed at 
the femoral neck. During late puberty, when height is increasing by less than 1 cm/year, the 
gain in bone mass is still significant in males but not in females. This suggests an important 
sex difference in the magnitude and/or duration of the so-called “consolidation” phase, 
which contributes to the ultimate peak bone mass (Fournier et al., 1997).
Although a major portion of the peak bone mass is settled on the basis of genetic factors, 
certain environmental components can also affect the bone accumulation. In healthy 
individuals, such decisive elements are calcium and vitamin intakes, gender, estrogen, 
smoking, ethnicity, sun exposure, physical activity, life style etc.
Physical activity augments accrual of bone mass in children and adolescents, and it 
surpasses all other environmental factors that relate to peak bone mass attainment 
(Constantini et al., 2010b).
The relationship between mass density and structural strength of bone is relevant at all ages. 
Thus, even adolescents with low bone mass are at greater risk of fracture, while those with
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high bone mass, and achieving a high bone mass, at a young age, confers a current and 
deferred benefit (Heaney et ah, 2000b). Subjects with high PBM are at a low risk of 
reaching the fracture threshold in later life. Small changes in PBM can produce quite large 
changes in subsequent fracture risks (Ho et ah, 1997). It is has been reported that a 5 % 
difference in fracture risk and an increase of one standard division in bone mass, may reduce 
the fracture risk by almost 100% (Bonjour, 1991).
PBM is a major detenuinant of the risk of fracture due to osteoporosis, since the mass of 
bone tissue at any time during adult life, is the difference between the amount accumulated 
at maturity and that lost with aging. There is, therefore, considerable interest in exploring 
ways to increase peak bone mass. Epidemiological studies indicate that a 10% increase in 
peak bone mass in the Caucasian, female population, would decrease the risk of hip fracture 
by approximately 30% (World Health Organization, 1994). Genetic and racial factors have 
an effect, with wide geographical and population differences in bone mass, bone loss and 
fracture incidences (Gumming et ah, 1997) Caucasians have a higher bone mass than 
Asians, and black people have a higher bone mass than Caucasians. Figure 1.12.
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Figure 1.12. Incidence of hip fractures in USA according to age and sex. Adapted d from Jacobsen 
(Jacobsen et al., 1992).
49
There is no evidence for sex differences in bone mass, of either the axial or appendicular 
skeleton at birth. Similarly, the volumetric BMD appears to be the same in female and male 
newborns. This absence of a substantial sex difference in bone mass is maintained until the 
onset of puberty, the difference following puberty is characterized by a more, prolonged 
period of bone maturation in males than in females, resulting in a greater increase in bone 
size and cortical thickness (Bonjour et al., 1996).
During puberty, the rate of accumulation of BMD, at both the lumbar spine and femoral 
neck, increases 4-6 folds over a 3-4 year period, in females and males, respectively. The rate 
of increase in bone mass is less marked in the disphysis of long bones, than elsewhere 
(Seeman., 1999, Bender., 2002).
A study done on 98 females and 100 males’ ages between 9-19 years. Standing height and 
bone mineral mass, as assessed by measuring areal bone mineral density (BMD), at the 
levels of the lumbar spine, femoral neck and mid femoral shaft. The greatest variation 
between height and BMD increases occurred in age group 13-14 year in females, the 
maximum difference was evident in younger age group 1 1 - 1 2  year and appeared to be of a 
lower magnitude than in males (Fournier et ah, 1997).
1.23 Metabolic Bone Disease
Bone is a dynamic organ, capable of rapid turnover and weight bearing. It is constantly 
being modeled and re-modeled, and is considered the major body reservoir for calcium, 
phosphorus, and magnesium. Disorders that affect this organ and the process of 
mineralization are designated metabolic bone diseases. As bone growth and turnover rates 
are high during childhood, many clinical features of metabolic bone disease are more 
prominent in children, than in adults (Chesney., 1984).
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1.23.1 Rickets and Osteomalacia
Rickets has been well known for many years. It was described medically in the mid -17^  ^
century. Rickets was first documented as a cause of death in the Bills of Mortality for The 
City of London in 1634, but detailed descriptions were only published between 1645 and 
1668. The first book on rickets was published in 1650 by Francis Glisson. At that time, it 
was thought to be a new disease in England. Since then, the importance of rickets has 
waxed, waned, and waxed again (O’Riordan., 2006). In the mid-19^  ^century, the industrial 
revolution in Europe and the USA paralleled a steep increase in the incidence of rickets, and 
this was attributed to air pollution from smoke produced by burning industrial plants. In 
1920, vitamin D was identified, and its deficiency was established as the major cause of 
rickets in children and osteomalacia in adults (Chesney., 1984, Dunn., 1998).
Rickets, a softening of the bone, occurs mainly in children due to defective bone and 
cartilage mineralization, leading to fractures and deformities. Figure 1.13 The majority of 
cases occur in children suffering from severe malnutrition, usually resulting from starvation 
during the early stages of childhood (Gartner and Greer., 2003). It also results from calcium 
or phosphate deficiency in the extracellular fluid, usually caused by lack of vitamin D. If the 
child is adequately exposed to sunlight, the -7-dehydrocholesterol in the skin becomes 
activated by the ultraviolet rays and forms vitamin Dg, which prevents rickets by promoting 
calcium and phosphate absorption from the intestines. Children who remain indoors through 
the winter, in general, do not receive adequate quantities of vitamin D, without some 
supplementation in the diet. Rickets tends to occur especially in the spring months because 
vitamin D formed during the preceding summer, is stored in the liver and is therefore 
available for use during the early winter months. Also, calcium and phosphate absorption 
from the bones can prevent clinical signs of rickets for the first few months of vitamin D 
deficiency.
Osteomalacia, it is another bone disorder occur in adults that is characterized by losses 
calcification of the matrix resulting softening bone with accompanying Paine and weakens 
and it is analogues to rickets in young. It is relates to a serious dietary deficiency of vitamin
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D or calcium. Since large quantities of calcium are not needed for bone growth, as they are 
in children. However, serious deficiencies of both vitamin D and calcium occasionally occur 
as a result of steatorrhea (failure to absorb fat), because vitamin D is fat-soluble and calcium 
tends to form insoluble soaps with fat; Consequently both vitamin D and calcium tend to 
pass into the feces. Under these conditions, an adult occasionally has such poor calcium 
(hypocalcaemia) and phosphate (hypophosphatemia) that accompany vitamin D deficiency 
result in impaired mineralization of bone matrix (Guyton and Hall., 1986).
Normal anatoniv Rickets
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Figure 1.13. Anatomy of normal bone and rickets bone. Adapted from: 
wivw.medicalook.com/Nutritional supplement/Rickets.
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1.23.2 Osteoporosis
Osteoporosis it is also called silent disease because no clinical symptoms are recognized. It 
is defined as lack of bony matrix (osteoid) on which calcium hydroxyapatite could be 
deposited lead to reduction in the strength of bone, and increased risk of fractures. In 
addition it is characterized by deterioration in skeletal microarchitecture. Figure 1.14.
Osteoporosis can be categorized as primary or secondary.
Primary osteoporosis, the most common form of the disease, occurs in people from 51 to 75 
years of age with a female-to-male ratio of 6:1. Primary osteoporosis can be further 
subdivided into two types, type I osteoporosis, characterized by loss 8 % of trabecular bone 
with only 0.5% cortical bone loss per year due to lack of estrogen at menopause. It is 
observed in postmenopausal women older than 70 years. While type II osteoporosis, causes 
a more global bone characterized by loss of cortical and trabecular bone and averages 0.3- 
0.5% per year in men and women older than 70 years with a female-to-male ratio 2:1 due to 
long-term remodeling inefficiency, dietary inadequacy, and increased parathormone activity 
with age.
Secondary osteoporosis is results from a multiplicity of causes. The most common are 
chronie or prolonged corticosteroid use and endocrine disorders, like hyperthyroidism; 
hyperparathyroidism; diabetes, Cushing disease, and euplastic disorders (Skinner., 2006).
The World Health Organization (WHO) operationally defines "osteoporosis as a bone 
density that falls 2.5 standard deviations (SD) below the mean for young healthy adults of 
the same sex—also referred to as a T-score o f-2.5" (Longo et al., 2012).
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Figure 1.14. Normal bone and bone with osteoporosis. Adapted from 
www.ufandshands.org/osteoporosis.
1.24 Role of Minerals on Bone Health
Many vitamins and minerals are beneficial to bone health, calcium, phosphorus and 
magnesium is the most abundant minerals in the human body The concentrations of calcium, 
inorganic phosphate, and magnesium in plasma are dependent on the balanee between rates 
of bone mineral deposition, bone resorption, intestinal absorption, and renal clearance. 
Parathyroid honuone and l,25(OH)2 D and are the two, primary regulators of these 
processes and the concentration of these ions in plasma. Calcitonin also has a 
phanuacological action (Endres and Rude., 1994).
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1.24.1 Calcium
Calcium is the most abundant mineral in humans. Skeletal calcium accumulation during the 
third trimester of fetal life, increase speeds during childhood and adolescence, reaches a 
peak in early adulthood, and gradually declines thereafter at rates that rarely exceed 1- 2 % 
per year (Longo et ah, 2012). The calcium content of a human infant at birth is 
approximately 25-30g. This will increases to about 900g in an adult female, and 1.2 kg in an 
adult male, 99% percent of which is found in the skeleton and the teeth; the residual 1 % of 
calcium is distributed between the soft tissues and the extracellular fluid. Table. 1.7 and 
Table. 1.8 (lom., 1997, Endres and Rude., 1994). Virtually all of the calcium in plasma 
belongs to one of three states: Approximately 50% is free, 41% is protein-bound and 9% is 
complex. About 80% of protein-bound calcium is associated with albumin and the 
remaining 20% is associated with globulins (Guyton and Hall., 1986). Normal dietary 
calcium intake in the US changes widely, ranging from 10-37 mmol/d (400-1500 mg/d). 
Many individuals, in an effort to prevent osteoporosis, routinely supplement this with oral 
calcium salts to a total intake of 37-50 mmol/d (1500-2000 mg/d). Institute of Medicine 
(lOM) summarized the dietary requirements for calcium and vitamin D shown in Table 1.6 
(Ross et ah, 2011a).
Calcium plays a vital role in regulating many critical mechanisms, including cellular 
structure, intercellular and intracellular, metabolic function. Calcium homeostasis is 
dependent on the difference between consumption and excretion of the mineral, and is 
determined by the skeleton, the intestine and the kidney.
Calcium enters the extracellular fluid from the gut by absorption and from bone by 
resorption. Calcium leaves the extracellular fluid via the gastrointestinal tract, kidneys, and 
skin and enters into bone via bone formation Figure. 1.15. 1000 mg/day of calcium usually 
consumed Vitamin D promotes calcium absorption by the intestines, and approximately 
35% (350 mg/day) of the ingested calcium is usually absorbed; the remaining calcium in the 
intestines is excreted in the feces. An extra 250 mg/day of calcium enters the intestines via
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secreted gastrointestinal juices and sloughed mucosal cells. Therefore, approximately 90% 
(900 mg/day) of the daily intake of calcium is excreted in the feces.
The kidneys have the capacity to exec rate 10% (100 mg/day) of ingested calcium in urine 
and the renal by reducing tubular reabsorbion 99% of the filtrated calcium. When calcium 
concentration is low, this reabsorption is significant, and therefore, no calcium lost in urine. 
(Guyton and Hall., 1986).
Changes in calcium metabolism are controlled by the action of the calciotrophic hormones, 
parathyroid honnone (PTH), 1.25 (OH)] D and calcitonin. Such changes are also influenced 
by growth homione (OH), sex homiones (oestrogen and testosterone) and prostaglandin. 
Physiological factors will also affect calcium homeostasis, such as growth, pregnancy, 
lactation, diet, disease and aging (New et al., 2000).
Calcium 
intake 
(1000 mg/day)
Bone
^  Absorption 
J (350 mg day) Deposition
Extracellular
fluid
Secretion 
(250 mg day)
Resorption
ReabsorptionFiltration
Kidneys
Figure 1.15. Absorption and Execration of calcium. Adapted from (Guyton and Hall., 1986).
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Table 1.6. Dietary reference intake of calcium and vitamin D (Ross et al., 2011a).
Stage group
Average
requirement
mg/day
Recommended
Dietary
Allowance
mg/day
Upper
level
intake
mg/day
Average
requirement
lU/day
Recommended
Dietary
Allowance
lU/day
Upper
level
intake
lU/day
Infants 0- 6 
months
200. 1,000 400 1,000
Infants 6- 
12months
260. 1,500 400 1,500
1-3 years old 500 700 2,500 400 600 2,500
4-8 years old 800 1,000 2,500 400 600 3,000
9-13 years old 1,100 1,300 3,000 400 600 4,000
14-18 years old 1,100 1,300 3,000 400 600 4,000
19-30 years old 800 1,000 2,500 400 600 4,000
31-50 years old 800 1,000 2,500 400 600 4,000
51-70 years old 
males
800 1,000 2,000 400 600 4,000
51-70 years old 
females
1,000 1,200 2,000 400 600 4,000
>70 years old 1,000 1,200 2,000 400 600 4,000
14-18 years old, 
pregnant/lacting
1,100 1,300 3,000 400 600 4,000
19-50 years old, 
pregnant/lacting
800 1,000 2,500 400 600 4,000
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1.24.2 Phosphate
Phosphorus, in the form of inorganic or organic phosphate, is an important and widely 
distributed element in the human body; about 85% (600 gm) of adult body phosphorus is 
found in the skeleton and teeth, as calcium phosphate (hydroxyapatite) with the remaining 
15% found in the soft tissues. Approximately 12% of the phosphate in serum is protein- 
bound; 35% is complexes with sodium, calcium, and magnesium, and the remainder is free 
(lom., 1997) Table. 1.7 and Table. 1.8 concentrations of phosphates in blood and extracellular 
fluid generally are expressed in terms of elemental phosphorus, is approximately 4 mg/dl 
and varies between normal limits of 3 to 4 mg/dl in adults and 4 to 5 mg/dl in children 
(Guyton and Hall., 1986).
Recommendations from the National Academy of Sciences provide a dietary phosphorus 
level that individuals should try to meet (the RDA- Recommended Dietary Allowance). 
While the RDA levels depend on age, the daily recommendation is 1250 mg for youth age 9 
to 18 years, and 700 mg for adults 19 years and older (lom., 1997).
Phosphate plays a vital role in regulating bone mineralization and cellular function 
(Heaney., 2004). For example, it plays a critical role as a high-energy phosphate bond and as 
a constituent of cyclic adenine and guanine nucleotides, together with nicotinamide adenine 
dinucleotide phosphate (AD?) (Bender., 2002). Phosphate is critical for the activity of 
several important enzyme systems, as well as gene transcription and cell growth. It is also an 
essential element in phospholipid cell membranes, nucleic acid, and phosphoproteins.
Phosphorus is widely distributed in food and therefore adult intakes of phosphorus tend to 
be adequate (65%) is absorbed by the small intestine even in the absence of vitamin D. 
However, phosphate absorptive efficiency may be enhanced to (85-90%) via active 
transport mechanisms that are stimulated by l,25(OH)2 D. None absorbed phosphate 
excreted in the urine, in the same way as none absorbed calcium.
When phosphate levels are below lmmol/L(0.323mg/dl) in the plasma, all the phosphate in 
the glomerular filtrate is re-absorbed and there is no urinary loss. However, when phosphate
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levels are above Immol/L, the rate of phosphate loss is directly proportional to the 
additional increase. A high phosphorus / low calcium intake has been shown to cause an 
imbalance in calcium homeostasis and elevated PTH production, which could potentiate 
bone loss (Heaney et al., 2004).
1.24.3 Magnesium
Magnesium is the major intracellular divalent cation which plays a vital role in bone 
metabolism; it regulates the active transport of calcium and is involved in the formation and 
strengthening of bone crystals. Approximately 55% of the body’s total magnesium is in the 
skeleton and the remainder is intracellular. Table. 1.7 and Table. 1.8 (Endres and Rude., 
1994). Approximately 0.5% to 5% of the total cellular magnesium is free, (the fraction that 
alters enzyme activity). Extracellular magnesium accounts for approximately 1% of the total 
body magnesium content. In serum, approximately 55% of magnesium is free - 30% is 
associated with proteins (primarily albumin), and 5% is complexed with phosphate citrate 
and other anions. Magnesium forms a key complex with ATP, which is an important 
cofactor for a wide range of enzymes, transporters, and nucleic acids required for normal 
cellular function. In addition, magnesium is an allosteric activator of many enzyme systems. 
Magnesium is important in oxidative phosphorylation, glycolysis, cell replication, 
nucleotide metabolism and protein biosynthesis (Bender., 2002).
Dietary magnesium content usually ranges from 6  to 15 mmol/d (140-360 mg/d), of which 
30-40% is absorbed. Intestinal magnesium absorptive efficiency is stimulated by 1,25(0H)] 
D and can reach 70% during magnesium deficiency. Urinary magnesium excretion usually 
matches net intestinal absorption and is 4 mmol/d (100 mg/d) (Longo et al., 2012).
Reducing the serum magnesium concentration results in increased neuromuscular 
excitability, because magnesium competitively inhibits the entry of calcium into neurons, 
replication, and energy metabolism (Bender., 2002).
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Chrome, severe hypomagnesaemia has been associated with impaired PTH secretion, 
whereas acute hypomagnesaemia may stimulate PTH. Hypermagnesaemia suppresses PTH 
secretion, although not as effectively as calcium, (Endres and Rude., 1994).
Table. 1.7. Distribution of Ca, P and Mg in the body (Endres and Rude, 1994).
Tissue
Relative Distribution (%)
Calcium Phosphate Magnesium
Skeleton 99 85 55
Soft tissues 1 15 45
Extracellular fluid <0.2 <0.1 1
Total [g (mol)] 1000 (25) 600 (19.4) 25 (1.0)
Table 1.8. Physiochemical states of Ca, P, and Mg in the body(Endres and Rude., 1994).
Approximate (%) of total
State Calcium Phosphate Magnesium
Free (ionized) 50% 55% 55%
Protein bound 40% 10% 30%
Complexed 10% 35% 15%
Total(mgldl) 8.6-10.3 2.5-4.5 1.7-2.4
mmol/L 2.15-2.57 0.81-1.45 0.7-0.9
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1.25 Aims and Objectives
1.25.1 Principal Aim:
The principal aim of this study was to determine the extent of vitamin D 
‘deficiency/insufficiency’ in Saudi Arabian pre-pubertal and post-pubertal boys and girls, 
and to investigate the impact of low vitamin D status and poor lifestyle habits on markers of 
bone health, in this age group.
1.25.2 Specific Objectives:
• To collect fasted blood samples from 150 school boys and 150 school girls, aged 6-18 
yrs, living in the City of Jeddah for subsequent assessment of the following: Vitamin D 
status (250H D), parathyroid hormone (PTH), calcium, albumin, magnesium, and 
phosphorus, together with two markers of bone formation (osteocalcin and alkaline 
phosphatase), and two markers of bone resorption (C-terminal peptide and 
deoxypyridinoline). To determine the extent of hypovitaminosis D in boys and girls.
• To measure, in a sub-set of these pre-pubertal and post-pubertal boys and girls subjects, 
lumbar spine, total body bone mineral content (BMC) and bone mineral density (BMD), 
using Dual X-Ray Absorptiometry (DXA) and calcaneal bone mass, using Broadband 
Ultrasound Attenuation (BUA). To assess the effect of low 250H D status on axial and 
appendicular bone density, and bone turnover.
• To assess the key lifestyle habits (including socio economic status, extent of veiling [i.e. 
none, partly-veiled, fully-veiled]), physical activity levels, and time spent outside, and 
hours of sunshine exposure, in each groups.
• To determine dietary intake of key foods and food groups in males and females, and 
examine if there are any nutritional associations with 250H D status and indices of bone 
health.
• To measure anthropometric indices (weight and height) in each groups and determine 
the extent of obesity prevalence in both boys and girls
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. To assess the association between body weight and 250HD status to see if a higher 
BMI is associated with a lower 250HD level in adolescents.
To examine the prevalence of bone pain, (peripherals, neck, shoulder, chest and back) in 
each of the four groups and determine if there is an association between low 250HD 
status, bone pain, occurrence of fracture and family history of fracture.
To determine if nutrition ‘in utero’ and in the ‘very early life’ of the children and 
adolescents is associated with 250H D status and bone density, by specific questions to 
the mother on calcium and vitamin D supplementation during pregnancy and lactation, 
and history of breast feeding habits.
To develop statistical models for identification of the predictors of 250H D status, bone 
density and bone turnover in Saudi adolescent boys and girls, according to pubertal 
status.
1.25.3 Apriority Hypothesis
Saudi Arabian pre and post-pubertal males and females will have extensive 
hypovitaminosis D, with a difference in 250H D status being seen between the older and 
younger females, but not between the younger males and females.
Poor lifestyle habits (including low sun exposure and low milk intake), as well as extent 
of veiling, will have a negative effect on 250H D status, particularly in the females. 
Concomitantly, bone pain will be extensive in males and females alike, and there will be 
a negative effect of low 250HD status on bone density, bone turnover and calcium 
metabolism in each group.
62
CHAPTER 2
SUBJECTS AND METHODS
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2.1 Introduction
This Chapter will describe the samples and methodologies used in the overall study design. 
Specific information will be provided on subject selection and recruitment of the boys and 
girls younger and older age groups. The data collection undertaken will be described within 
the time fi-ames of the overall design and the questionnaires used in the different aspects of 
the study will be identified. The biochemical measures undertaken will be detailed, 
including the particular the metabolites assessed and the laboratory methods used, together 
with the associated coefficient of variation (CV) (i.e. Precision) of each. The equipment will 
be described and the techniques used for assessment of indices of bone health, namely dual 
X-ray absorptiometry and broadband ultrasound attenuation. At the end, this Chapter will 
provide detailed information on the statistical analysis of the data including the statistical 
package used, the tests for normality and the application of parametric and non-parametric 
tests.
2.2 Subject Selection
An observational, cross-sectional study was conducted on adolescent male and female 
subjects. Total numbers of 300 school children 6-18 years were collected 150 boys and 150 
girls. All samples were collected during May 2007, after obtaining permission from the 
Ministry of Education to collect these samples. All volunteers were given a detail oral 
presentation about the concept of the study at their school. Approval Ethical consent was 
sent to all parents. All children were in good physical condition, they did not suffer from 
any condition that would interfere with their bone metabolism.
The questionnaires included questions about health and socio-economic states, mode and 
onset of veiling, habit of diet, physical activity such as walking, swimming, cycling and 
aerobics as hours per week. Sequence of the child in the family, level of parents education.
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consanguinity between the parents and the duration of daily sun exposure. In addition, all 
mothers have been asked if she took a certain medications or supplement vitamins and 
mineral during pregnancy and lactation. However, questions about puberty and family 
history of bone diseases were used as variables. All subjects were measured for their weight 
(kg) and height (cm). Both weight and height were recorded without shoes.
50% of children filled the questionnaires at home with their parents; those who were 
interested in participating in the study returned the questionnaires back to school with their 
parents’ signature and telephone numbers included. The other 50% had an interview in the 
school also with their parents' consent, and telephone numbers were obtained. Some 
questionnaire were completed through a telephone interview with children and their 
mothers. At the end, all the questionnaires form were collected by the researcher.
2.2.1 Exclusion Criteria
• Children younger than 6 years and older than 18 years.
• Children who were suffering from any disease that might interfere with vitamin D 
synthesis including skin, liver, kidney and gastrointestinal diseases, or any disease that 
might affect the bone state such as diabetes, asthma, heart disease, rheumatoid arthritis, 
hyperthyroidism, and thalessemia. These diseases imply the intake of certain 
medications such as cortisone and insulin that have shown to affect negatively bone 
mineral density in patients. This information was obtained via a questionnaire.
• Children who are currently taking vitamin supplements or have been taking them for the 
last three months prior to the examination.
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2.3 Frequency Questionnaire Form (Including Puberty, Socio-Economic 
and Physical Activity)
The frequency questionnaire form was applied and written in the native language, i.e., 
Arabic translation to English is accessible in (Appendix B). Study information was sent to 
all subjects and their parents and consent form was assigned from both subjects and the 
parents/legal guardian was received prior to participation in the trial, with a statement 
indicating that the study had been approved ethically. Questions involving health, type of 
physical activity (Walking, Jogging, Cycling, Swimming and Aerobics). The socioeconomic 
issues were included in the form. The purpose of the medical clearance was to assess the 
health status of the participant to decide whether she/he was suitable for the study. 
Accordingly, volunteers with diseases or who were on medication and/or supplements were 
excluded from the study. Questions about puberty was determined using an interview-based 
series of discrete questions rather than the formal use of Tanner tagging, which culturally 
would have been unacceptable in this population groups -  both in terms of parents and the 
school authorities specifically. The importance of puberty lays in its significance in bone 
density and growth. Questions about episodes pain in bone (Peripheral, Neck and Shoulder, 
Chest, Back Muscles), broken or fractured any bone and family history of bone fracture 
were used as variables. The socioeconomic status was required essentially to account for 
major factors that might influence the mode of diet and therefore, questions about income of 
the family, number a children and the sequence of the child in the family had been 
indicated.
2.4 Sun Exposure Assessment
A questionnaire was administered to assess the period of sun exposure and to estimate the 
amount of endogenous vitamin D obtained by the school age children (Appendix B). 
Questions included how long you spend outside in the sunlight per day, for all (boys and
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girls).Veiling, as in Islamic culture the veiling is an important concept for girls which 
determinant the amount of sun exposed. Therefore, each girl has been asked about the style 
of dress and when onset of veiling occured. There are two types of veiling when post 
pubertal girls outsides ( Niqab and Hejab), Fully veiled, Niqab (which covers the whole 
body including face, and usually hands and feet), partially veiled wearing Hejab (which 
covers the body but exposes only the face, hands, and sometimes feet),or unveiled exposing 
their head, face, hands, and feet (pre pubertal).
2.5 Anthropometric Measurements
78 subjects were measured for their weight (kg) and height (cm) using DETECTO 
(www.detecto scale.com) to the nearest 0.1cm and 0.1kg. Both weight and height were 
recorded without shoes. The body mass index was calculated using the standard equation of 
weight / height!. Bone mineral content measurements were determined for 78 subjects at the 
lumbar spine (L2-L4) and whole body (WB) sites using dual X-ray absorptiometry (DXA) 
Hologic QDR4500, (USA) with its Pediatric software Version
11.40.004.(www.gehealthcare.com). All measurements were performed at the Centre of 
Excellence for Osteoporosis Research within the King Fahed Medical Research Centre, 
Jeddah. The calibration of the absorptiometer was checked daily. Scan area (cm^), bone 
mineral content (BMC, g), bone mineral density (BMD, g/cm2). Z-score for the lumbar 
spine was measured. The CV of this technique was <0.1%. Bone mass was also measured 
using the Broadband Ultrasound Attenuation (BUA) technique (Cuba Clinical, MCue 
Incorporation Inc, Warwick, USA) at the calcaneal on the left foot. The CV of this 
technique was 2.2%.
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2.6 Blood Collection
A total of 10 ml fasting blood was withdrawn from the subjects by a nurse. Volume of 10 ml 
of blood was withdrawn in a non-heparinized vacutainer to yield serum. The blood samples 
were allowed to clot for 15-30 minutes, and then, separated by a cold centrifuge (4°C) at 
3500 rpm for 10 minutes. Serum was aliquot into 0.5 ml labeled eppendorf tubes and were 
promptly frozen at -80°C until use it for analysis. The samples have not been subjected to 
more than 3 freeze/thaw cycles.
2.7 Material
Reagent kits needed for chemistry analysis were purchased from DADE BEHRING 
(Newark, DE, U.S.A.). These included Calcium, Phosphate, and Alkaline phosphatase. 
Chemistry parameters were analyzed on Dimension RXL clinical chemistry system DADE 
BEHRING (Newark, DE, U.S.A.). Parathyroid hormone (PTH) and Vitamin D were 
obtained from Elecsys and Cobas immunoassay analyzer (USA).Osteocalcin ELISA from 
DRG instrument GmbH, Germany. Metra Tdpd Reagents and controls for assaying total 
Deoxypyridinoline cross link in serum.
2.8 Biochemical Analysis of Blood Samples
2.8.1 Measurement of 25(0H) Vitamin D
Serum 25-OH vitamin D was measured according to 25-OH vitamin D kit manufacture by a 
direct competitive electrochemiluminescence immunoassay (ECLIA) for quantitative 
determination of 250H D in serum or plasma is intended Elecsys and Cobas immunoassay 
analyzer were used.
Reagents - working solutions
M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 
mL: Streptavidin-coated microparticles 0.72 mg/mL; preservative.
R1 Reaction buffer (gray cap), 1 bottle, 8 mL: Acetate buffer approx. 220 
mmol/L, pH 3.9; albumin (human) 2 g/L; preservative.
R2 Anti-25-OH vitamin Dg -Ab~Ru (bpy) ; 25-OH vitamin D derivate-biotin 
(black cap), 1 bottle, 9 mL: Polyclonal anti-25-OH vitamin D3 antibody 
(sheep) labeled with mthenium complex 1.5 mg/L; biotinylated 25-OH 
vitamin D 0.15 mg/L; phosphate buffer 20 mmol/L, pH 6.5; preservative.
Procedure:
In the first incubation: 25OH D in the sample (35 pL) competes with the biotin labeled 
vitamin D in the complex contained in R2 (biotin-vitamin D/polyclonal 25-OH D -specific 
ruthenium labeled antibody). The remaining amount of the complex (biotin-vitamin 
D/polyclonal 25OH D -specific ruthenium labeled antibody) is dependent upon the analyte 
concentration in the sample. In the second incubation: After addition of streptavidin-coated 
microparticles, the complex became bound to the solid phase via interaction of biotin and 
streptavidin. The reaction mixture was aspirated into the measuring cell where the 
microparticles were magnetically captured onto the surface of the electrode. Unbound 
substances were then removed with Pro Cell. Application of a voltage to the electrode then 
induced chemiluminescent emission which was measured by a photomultiplier. The total 
duration of assay is 18 minutes.
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Quality control
For quality control, use Elecsys Preci Control Bone 1, 2, and 3. Other suitable control 
material can be used in addition. Controls for the various concentration ranges should be run 
as single determinations at least once every 24 hours when the test is in use, once per 
reagent kit, and after every calibration. The control intervals and limits should be adapted to 
each laboratory’s individual requirements. Values obtained should fall within the defined 
limits. Each laboratory should establish corrective measures to be taken if values fall outside 
the limits.
Calculation
The analyzer automatically calculates the analyte concentration of each sample (either in 
ng/mL or nmol/L).
Conversion factors: nmol/L x 0.40 = ng/mL
ng/mL X 2.50 = nmol/LMeasuring range
4-100 ng/mL or 10-250 nmol/L (defined by the lower detection limit and the maximum of 
the master curve). Values below the detection limit are reported as < 4 ng/mL « 10 nmol/L). 
Values above the measuring range are reported as > 100 ng/mL (> 250 nmol/L).
Expected values
Health based reference values (recommended for use):
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Currently there is no standard definition of the optimal vitamin D status. Many specialists 
consider the commonly used population based reference values too low. Health based 
reference values are recommended to replace population based reference values (Bischoff- 
Ferrari et al., 2006) There is a consensus opinion that the minimal 250H D level for bone 
health is between 20-32 ng/mL (50-80 nmol/L). A more recent agreement of experts leads to 
the conclusion that for general health a desirable concentration of 25-OH vitamin D is > 30 
ng/mL (> 75 nmoI/L).(Vieth et al., 2007).
Precision
Within- run was determined by assaying 3 samples in 4 runs. Results are provided below. 
For samples 1 through 3 represent low normal, high normal and elevated level.
Sample 250HDMean(nmol/L)
Within-run
CV%
1 10.2 2%
2 50.45 7%
3 99 7.50%
CV% = percent coefficient of variance 
SDXlOO
CV % =
Mean
2.8.2 Measurement of Parathyroid Hormone (PTH)
Serum parathyroid hormone (PTH) was measured by an electrochemiluminescence 
immunoassay (ECLIA) by using on Elecsys and Cobas immunoassay analyzer.
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Principle:
The determination of intact PTH employs a sandwich test principle in which a biotinylated 
monoclonal antibody reacts with the N-terminal fragment (1-37) and a monoclonal antibody 
labeled with a ruthenium complexa reacts with the C-terminal fragment (38-84). The 
antibodies used in this assay are reactive with epitopes in the amino acid regions 26-32 and 
37-42.
Reagents - working solutions:
M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 
Streptavidin-coated microparticles 0.72 mg/mL; preservative.
R1 Anti-PTH-Ab~biotin (gray cap), 1 bottle, 7 mL: Biotinylated monoclonal 
anti-PTH antibody (mouse) 2.3 mg/L; phosphate buffer 100 mmol/L, pH 
7.0; preservative.
R2 Anti-PTH-Ab~Ru (bpy) (black cap), 1 bottle, 7 mL: Monoclonal anti-PTH 
antibody (mouse) labeled with mthenium complex 2.0 mg/L; phosphate 
buffer 100 mmol/L, pH 7.0; preservative
Procedure:
In the first incubation: 50 pL of sample, a biotinylated monoclonal PTH-specific antibody, 
and monoclonal PTH-specific antibody labeled with a ruthenium complex form a sandwich 
complex. In the second incubation: after addition of streptavidincoated microparticles, the 
complex became bound to the solid phase via interaction of biotin and streptavidin. The
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reaction mixture was aspirated into the measuring cell where the microparticles were 
magnetically captured onto the surface of the electrode. Unbound substances were then 
removed with Pro Cell.
Application of a voltage to the electrode then induces chemiluminescent emission which 
was measured by aphotomultiplier. The total duration of assay is 18 minutes.
Quality control
For quality control, use Elecsys PreciControl Bone 1, 2, and 3. Other suitable control 
material can be used in addition. Controls for the various concentration ranges should be run 
as single determinations at least once every 24 hours when the test is in use, once per 
reagent kit, and after every calibration. The control intervals and limits should be adapted to 
each laboratory's individual requirements. Values obtained should fall within the defined 
limits. Each laboratory should establish corrective measures to be taken if values fall outside 
the limits.
Calculation
The analyzer automatically calculates the analyte concentration of each sample (either in 
pg/mL or pmol/L).
Conversion factors: pg/mL x 0.106 = pmol/L
pmol/L X 9.43 = pg/mL
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Measuring range
1.20-5000 pg/mL or 0.127-530 pmol/L (defined by the lower detection limit and the 
maximum of the master curve). Values below the detection limit are reported as < 1.20 
pg/mL (0.127 pmol/L). Values above the measuring range are reported as > 5000 pg/mL (> 
530 pmol/L).
Expected values
15-65 pg/mL (1.6-6.9 pmol/L)
Each laboratory should investigate the transferability of the expected values to its own 
patient population and if necessary determine its own reference ranges. (Blind et al., 1987, 
Gao and D'Amour., 2005).
Precision
Within-run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample PTH Mean( pmol/L)
Within-run
CV%
1 1.9 1.80%
2 17.3 4.80%
3 32.73 5%
CV% = percent coefficient of variance
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2.8.3 Analysis of bone turnover markers
Monitoring of bone metabolism by biochemical means depends upon measurement of 
enzymes and proteins released during bone formation (such as alkaline phosphatase, 
osteocalcin), and of degradation products produced during bone resorption.
2.8.3.1 Osteocalcin
Several commercial assay kits are available for serum osteocalcin measurements. These 
include bovine or human, monoclonal or polyclonal antibody based immunoassays. These 
are in radioimmunoassay or Enzyme linked immunoassay (ELISA) format.
Principle of the Osteocalcin assay:
The ORG Osteocalcin ELISA is a solid phase Enzyme Amplified Sensitivity Immunoassay 
performed on microtiterplates. The assay uses monoclonal antibodies (MAbs) directed 
against distinct epitopes of human osteocalcin. Standards and samples react with the capture 
monoclonal antibody (MAb 1) coated on microtiter well and with a monoclonal antibody 
(MAb 2) labelled with horseradish peroxidase (HRP). After an incubation period allowing 
the formation of a sandwich; coated MAb 1 - human osteocalcin - MAb 2 - HRP, the 
microtiterplate is washed to remove unbound enzyme labelled antibody. Bound enzyme- 
labelled antibody is measured through a chromogenic reaction. Chromogenic solution (TMB 
ready for use) is added and incubated. The reaction is stopped with the addition of Stop 
Solution and the microtiterplate is then read at the appropriate wavelength. The amount of 
substrate turnover is determined colourimetrically by measuring the absorbance, which is
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proportional to the osteocalcin concentration. A calibration curve is plotted and OST 
concentration in samples is determined by interpolation from the calibration curve. The use 
of the ELSIA reader (linearity up to 3 00 units) and a sophisticated data reduction method 
(polychromatic data reduction) result in a high sensitivity in the low range and in an 
extended calibration range.
Reagents and Materials
The DRG Osteocalcin ELISA Kit, contain the following:
Reagents Materials
Microtiter plate Microtiter plate with 96 anti OST(monoclonal antibodies) coated wells
Conjugate
HRP labelled anti-OST (monoclonal antbodies) in TRISH-HCL buffer with  
bovine serum albumin, bovine casein,EDTA, gentamycin and thym ol
Zero Standerd in human semm with protease inhibitors and benzamidin
Standard
N = 1 t05(see exact values on vial labels) in human semm with protease 
inhibitors and benzamidin
Wash Solution 
Concentrate Concentrate (Tris-HCI)
Control
Controls - N = 1 or 2 in human semm with protease inhibitors, benzamidin 
and thymol
TMB Substrate Chromogenic Solution TMB (Tetramethylbenzydine)
Stop solution HCI2N
Procedure
All reagents are brought to the room temperature prior to use.
All reagents and samples were mixed thoroughly by gentle agitation or swirling.
Standards, controls and samples were performed in duplicate. Vertical alignment was 
recommended. A clean plastic container was prepared for Washing Solution.
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• The required number of strips was selected for the run. The unused strips should be 
resealed in the bag with a desiccant and stored at 2-8 °C.
• The strips were secured into the holding frame.
• 25 pi of each Standard, Control and Sample were Pipette into the appropriate wells.
• 100 pi of anti-OST-HRP conjugate was pipetted into all the wells.
• Incubated for 2 hours at room temperature on a horizontal shaker set at 700 rpm ±100
rpm. Then the liquid was aspirated from each well.
• The plate was Wash 3 times by; Dispensing 0.4 ml of Wash Solution into each well 
aspirating the content of each well
• lOOpl of the TMB Substrate was pipette into each well within 15 minutes following the 
washing step. Then the microtiter plate was incubated for 30 minutes in a dark place at 
room temperature on a horizontal shaker at 700 rpm ±100 rpm.
• 200 pi of Stop Solution was added into each well.
• The Experimental tube was read at an absorbance at 450 nm and 490 nm (reference
filter 630 nm or 650 nm) within 3 hours and calculated the results.
Precision
Within-run precision was determined by assaying 3 samples in 4 runs. Results are provided
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample Osteocalcin Mean( ng/ml)
Within-run
CV%
1 18 3.40%
2 29 8.10%
3 45 8%
CV% = percent coefficient of variance
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SDXlOO
CV%= — -------Mean
2.S.3.2 Alkaline phosphatase
Determination of concentration of alkaline phosphatase is based on a method published 
byBowers and M Comb, (1966. This method responds to all ALP isoenzymes in human 
serum. Quantitative determination of ALP method used on the Dimension clinical chemistry 
system.
Principle:
The Alkaline phosphatase method is based on a producer published by Bowers and Me. 
Comb (1966). This method response to all ALP isoenzymes in human serum. Quantitative 
determination of ALP method used on the Dimension clinical chemistry system. Alkaline 
phosphatase catalyzes the transphosphorylation of p-nitrophenylphosphate (p-NPP) to p- 
nitrophenol (p-NP) in the presence of the transphosphorylating buffer, 2-amino-2-methyl-l- 
propanol (AMP). The reaction is enhanced through the use of magnesium and zinc ions. The 
change in absorbance at 405 nm due to the formation of p-NP is directly proportional to the 
ALP activity, since other reactants are present in non-rate limiting quantities and is 
measured using a bichromatic (405, 510 nm) rate technique.
ALP
P-NPP + AMP -------------^  p-NP + AMP + P04
pH 10.35 
Mg/Zn
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Precision
Sample ALP Within-runMean(pl/L) CV%
1 54 4.8%
2 277 7.6%
3 500 9.9%
CV% = percent coefficient of variance 
SDXlOO
CV% = Mean
2.S.3.3 C-terminal cross-linked telopeptides (CTX)
Immunoassy was used to determine the C-Peptide in human serum. The Elecsys C-Peptide 
assay uses two monoclonal antibodies specifically directed against human C-Peptide.The 
antibodies show cross-reactivity with C-chain of human proinsulin and presumably with 
partially processed proinsulin.
Sandwich principle
• The procedure running out by first incubating 20 pi of sample, a biotinylated 
monoclonal C-peptide-specific antibody, and a monoclonal C-peptide-specific antibody 
labeled with a ruthenium complex react to form a sandwich complex.
• The second incubation occurred when streptavidin-coated microparticles, was added the 
complex becomes bound to the solid phase via interaction of biotin and streptavidin.
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The reaction mixture was aspirated into the measuring cell where the microparticles were 
magnetically captured onto the surface of the electrode. Unbound substances were then 
removed with Pro Cell. Application of a voltage to the electrode then induced 
chemiluminescent emission which is measured by a photomultiplier.
Results were determined via a calibration curve which is instrument-specifically generated 
by 2 -point calibration and a master curve provided via the reagent barcode.
Reagents
Elecsys C-Peptide reagent kit contains the following:
M
Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 
Streptavidin-coated microparticles, 0.72 mg/mL; binding capacity: 470 ng 
biotin/mg microparticles; preservative.
R1 Anti-C-peptide-Ab-biotin (gray cap), 1 bottle, 9 mL:
Biotihylated monoclonal anti-C-peptide antibody (mouse) 1 mg/L, phosphate 
buffer 50 mmol/L, pH 6.0; preservative.
R2 Anti-C-peptide-Ab-Ru(bpyW (black cap), 1 bottle, 9 mL:
Monoclonal anti-C-peptide antibody (mouse) labeled with ruthenium complex 
0.4 mg/L; phosphate buffer 50 mmoVL, pH 6.0; preservative
Procedure:
The direction given for operating the manual analyzer specific assay was followed. The 
microparticles were resuspended automatically before use the specific parameter test was 
read via the reagent barcode. The reagents were cooled to approximately (20°C) and placed 
on the reagent disk (20°C) of the analyzer. Formation of foam been avoided. The system 
automatically regulates the temperature of the reagents and the opening/closing of the
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bottles. Reagents has been cooled to approx. (20-25°C) then placed on the sample/reagent 
disk of the analyzer (ambient temperature 20-25°C). Formation of foam was also avoided.
Precision
Within- run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample C-PeptideMean(ng/ml)
Within-run
CV%
1 0.5 2%
2 1.2 5%
3 2.25 7.3%
CV% = percent coefficient of variance 
SDXlOO
CV% =
Mean
2.8.3.4 Deoxypyridinoline (DPD) crosslinks
Immunoassy was used to determination Deoxypyridinoline (DPD) in human serum. 
Principle:
Metra DPD assay is a competitive enzyme immunoassay in a microtiter strip well format 
utilizing a monoclonal anti-DPD antibody coated on the strip to capture DPD. DPD in the
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semm sample competes with conjugated DPD-alkaline phosphatase for the antibody and the 
reaction is detected with a pNPP substrate.
Reagents and Materials
Deoxypyridinoline crosslinks (activity-based assay) Kit, contain the following:
Reagents Materials
Total DPD serum hydrolysis control Lyophilized bovine serum
DPD Standards A-F
DPD purified fi'om bovine bone in lOmmol/L phosphoric acid 
containing sodium azide (0.05%) as preservative.
Low/High Controls
DPD purified fi'om bovine bone in lOmmol/L phosphoric acid 
containing sodium azide (0.05%) as preservative.
Coated Strips
DPD purified murine monoclonal Anti-DPD antibody 
adsorbed on to strip wells
Stop Solution O.lNNaOH
lOX Wash Buffer
Nonionic detergent in a buffered solution containing sodium 
azide (0.05%) as preservative
Assay Buffer Phosphate buffer(Ph 7.2) and solubilizing agent
Substrate Buffer
A diethanolamine and magnesium chloride solution 
containing sodium azide (0.05%) as preservative
Substrate tablet p-Nitrophenyl phosphate
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Reagents Materials
Enzyme Conjugate
Lyophilized goat anti-mouse IgG antibody conjugated to 
alkaline phosphatase containing buffer salts and stabilizers.
Total DPD acid 6N HCL plus solubilizing agent
Total DPD Base lONNaOH
Procedure:
The total DPD assay measures both free and peptide-bound DPD in serum following acid 
hydrolysis. There are two major steps to the assay procedure: (1) hydrolyzing the samples 
and (2 ) assaying the hydrolyzed samples.
Hydrolysis Step:
Serum samples must be hydrolyzed overnight prior to testing. The standards do not require 
hydrolysis. Hydrolysis involves heating each sample with total DPD acid solution in a 
sealed plate to release the peptide-bound DPD. The acid-treated serum samples require a 
centrifugation step to remove precipitated proteins before hydrolysis The hating can be 
accomplished by using PCR thermo cycler
On the next day, hydrolyzed serum samples were quickly cooled, once cooled, the samples 
are neutralized using Total DPD Base reagent and Total DPD assay buffer prior to testing in 
the assay.
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Assay Step:
Standards were prepared using the standards and controls supplied. The standards were 
prepared in the same mixture of acid, base, and buffer that was used for the samples.
To run the assay, the prepared samples, standards and controls were added to the microassay 
strip wells using a multi-channel pipettor. Total DPD Assay Buffer was also added to the 
strip wells first, to ensure that the samples and standards were adequately neutralized when 
they contact the wells. The strip wells are incubated prior to adding the Enzyme Conjugate.
After incubation with the Enzyme Conjugate, the strip wells were washed, and substrate was 
added. The substrate incubation was stopped by adding Stop Solution, and the optical 
density in each well was read in a microassay plate reader. The total assay incubation time is 
4.5 hours (not including the overnight hydrolysis).
Precision
Within- run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample
DPD
Mean(nmoI/L)
Within-run
CV%
1 6 2.2%
2 20.5 2.4%
3 35 6.9%
CV% = percent coefficient of variance 
SDXlOO
CV % = Mean
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Expected values of bone marker: (ALP. OC. CTX. and DPD)
The interpretation of biochemical measurements of bone turnover (bone formation and bone 
resorption markers) in children and adolescents are difficult because differences between 
markers may reflect differences in the bone specificity of the analytes, or differing 
mechanisms of production and clearance, also they depend on age, pubertal stage, growth 
velocity, mineral accrual, hormonal regulation, nutritional status (Szulc et ah, 2000). The 
bone marker levels increase dramatically during puberty children due to high skeletal 
growth velocity and rapid bone turnover during childhood growth. However all markers 
were significantly lower after the menarche (Blumsohn et ah, 1994, Yang and Grey, 2006).
2.8.4 Measurements of Bone Profile
2.8.4.1 Calcium
The quantitative determination of serum calcium was carried out by a fully automated 
clinical chemistry analyzer that uses colorimetric methods with endpoint determination as 
described by Schwartzenbach;et al (1954). Stem and Lewis,(1957).
Principle:
Calcium reacts with 0-cresophthalein complexone (OCPC) to form a complex, which is 
proportional to the calcium concentration and is measured using a bichromatic (577,540nm) 
endpoint technique. This method incorporates the use of 8 -quinolinol to reduce magnesium 
interference which also form a colored complex with OCPC.
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Ca'*"*' + OCPC Ca — OCPC complex ( absorbs at 577 nm)
pH 9.7
+ 8  -  quinolinol -----> Magnesium quinolinol (non absorbing at 577 nm)
Reagents:
Concentration Ingredient Form Wells
0.22 mmol/L Glycine buffer Liquid 1-6
0.39 mmol/L 
6.60 mmol/L
OCPC/
8-Quinolinol Liquid 7,8
Reagent Preparation:
All reagents are liquid and ready-to-use.
Procedure:
All reagents and samples were mixed, proceed and printed of result were automatically 
performed on the Dimension clinical chemistry system after the method was calibrated.
Test conditions:
Sample Size:
145 pL Reagent 1 Volume:
33 pL Reagent 2 Volume:
258 pL Diluent Volume:
37°C Test Temperature:
577 and 540 nm Wavelength:
bichromatic endpoint Type of Measurement:
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Precision
Within- run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample
Ca
Mean(mmol/L)
Within-run
CV%
1 2.3 4%
2 2.4 3.8%
3 2.5 4.5%
CV% = percent coefficient of variance 
SDXlOOc v %  = Mean
2.S.4.2 Magnesium 
Principle:
The quantitative determination of serum magnesium is a modification method of 
methythymol blue (MTB) complexometric procedure described by Connerty et al, (1971). 
MTB form a blue complex with magnesium. Calcium interference is minimized by forming 
a complex and chelating agent. The amount of complex formed is proportional to the 
magnesium concentration and it is measures using bichromatic (510 and 600nm)
Mg"'"*' + MTB -» Mg — MTB complex (absorbs at 600 nm).
Ca'^ '"' + Ba — EGTA -> complex ( nonabsorbing at 600 nm).
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Reagents:
WaUs Form Ingredient Concentration
1-3 liquid MTB Acetic acid Potassium sorbate 0.0528 g/L
4-6 liquid Ba-EGTA Sodium meta borate Butter 0.5 mM
Reagent Preparation:
All reagents are liquid and ready-to-use.
Procedure:
All reagents and samples were mixed, proceed and printed o f  result were automatically 
performed on the Dimension clinical chemistry system after the method was calibrated.
Test conditions:
Sample Size:
lOOpL Reagent 1 Volume:
100 pL Reagent 2 Volume:
298 pL Diluent Volume:
37°C Test Temperature:
600 - 510 nm Wavelength:
bichromatic rate Type of Measurement:
Precision
Within- run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample
Mg
Mean(mmol/L)
Within-run
CV%
1 0.76 4.9%
2 0.9 4.4%
3 1.1 1.2%
CV% = percent coefficient of variance 
SDXlOOc v %  = Mean
2.S.4.3 Phosphorus 
Principle:
The phosphorus (PHOS) method is a modification of the classical phosphomolybdate 
method introduced by Fiske and Subbarow (1925) and uses a mixture of p- 
methylaminophenol sulfate and bisulfite to reduce the phosphomolybdate. The PHOS 
method measures the absorption of the reduced phosphomolybdate complex , 
Interference caused by protein precipitation was eliminated by using the solubilizing agent, 
lithium dodecyl sulfate. Because of the pre-blanking of the sample, bilirubin interference is 
considerably minimized. Inorganic phosphate combines with molybdate (M0 O4 ) in an acid 
solution to form a complex which is reduced by p-methylaminophenol sulfate (PMAPS)
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and bisulfite. The 340 nm absorbance of the reduced phosphomolybdate solution is 
proportional to the inorganic phosphorus concentration and is measured using a 
bichromatic (340, 383 nm) endpoint technique.
NaMoO^ + PO4 -  3 ■> Phosphomolybdate
Phosphomolybdate + PMAPS + NaHSO^
PH
1.6
-► Reduced Phosphomolybdate 
Complex (absorbs at 340nm)
Reagents:
Ingredient Form Wells
14.3 mmol/L 
187.9 mmol/L
PMAPS Sodium bisulfite Liquid 1-6
71.6 mmol/L Lithium Dodecyl Sulfate Liquid 7
28.6 mmol/L Sodium Molybdate H2S04 Liquid 8
Reagent Preparation:
All reagents are liquid and ready-to-use.
Procedure:
All reagents and samples were mixed, proceed and printed of result were automatically 
performed on the Dimension clinical chemistry system after the method was calibrated.
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Test conditions:
Sample Size:
50 gL Reagent 1 Volume:
20 gL Reagent 2 Volume:
20 gL Reagent 3 Volume:
350 gL Diluent Volume:
37°C Test Temperature:
340 - 383 nm 
340 - 700 nm
Wavelength:
bichromatic rate Type of Measurement:
Precision
Within- run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample
PHO
Mean(mmol/L)
Within-run
CV%
1 1 1.5%
2 1.5 2.5%
3 2 1.69%
CV% = percent coefficient of variance 
SDXlOOc v %  = Mean
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2.S.4.4 Albumin
The albumin method is an adaption of the bromocresol purple (BCP) dye-binding method 
reported by Carter,( 1970 )and Louderbac,et al,(1968).
In the presence of solublizing agent BCP bind to albumin at pH 4.9. The amount of albumin- 
BCP complex is directly proportional to the albumin concentration. The complex is 
absorbed at 600 nm and it is measured using polychromatic (600,540, 700 nm) endpoint 
technique.
Albumin + BCP dye — ► Albumin-BCP complex
(nonabsorbing at 600 nm) (Absorbing at 600 nm)
Reagents:
Walls Form Ingredient Concentration
1-6 Liquid BCP dye Acetate Buffer Surfactant 
Microbial inhibitor
2.7x 1Q-4M
Reagent Preparation:
All reagents are liquid and ready-to-use.
Procedure:
All reagents and samples were mixed, proceed and printed of result were automatically 
performed on the Dimension clinical chemistry system after the method was calibrated.
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Test conditions:
Sample Size:
125 \iL Reagent 1 Volume:
370 pL Diluent Volume:
37°C Test Temperature:
540 - 600 and 700 nm Wavelength:
Polychromatic endpoint Type of Measurement:
Precision
Within- run precision was determined by assaying 3 samples in 4 runs. Results are provided 
below. For samples 1 through 3 represent low normal, high normal and elevated level.
Sample
ALB
Mean(g/L)
Within-run
CV%
1 38 3.7%
2 45 4.4%
3 52 33 <&
CV% = percent coefficient of variance
C V %  =
S D X l O O
Mean
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2.9 Determination of bone health indices
2.9.1 Anthropometric measures and bone mineral density
Weight (kg) and height (cm) were measured for all subjects using DETECTO (www.detecto 
scale.com) to the nearest 0.1cm and 0.1kg. Both weight and height were recorded without 
shoes. The body mass index was calculated using the standard equation of weight (kg) / 
height (m^). Bone mineral content measurements were determined for all subjects at the 
lumbar spine (L2-L4) and whole body (WB) sites using dual X-ray absorptiometry (DXA) 
(Hologic QDR4500, USA) with its Pediatric software Versionl 1.40.004
(www.gehealthcare.com). All measurements were performed at the Centre of Excellence 
for Osteoporosis Research (CEOR) within the King Fahed Medical Research Centre 
(KFMRC) Jeddah. The calibration of the absorptiometer was checked daily. Scan area 
(cm2), bone mineral content (BMC, g), bone mineral density (BMD, g/cm^). Z-score for the 
lumbar spine was measured. The CV of this technique was <0.1%. Bone mass was also 
measured using the Broadband Ultrasound Attenuation (BUA) technique (Cuba Clinical, 
MCue Incorporation Inc, Warwick, USA) at the calcaneal on the left foot. The CV of this 
technique was 2 .2 %.
2.9.2 Quantitative ultrasound measurements
Quantitative ultrasound QUS measurements were obtained using a CUBA ultrasound 
densitometer (Me Cue Ultrasonic, Winchester, UK). The ultrasound system consists of two 
transducers (emitting and receiving) faced with silicone rubber coupling pads. These are 
placed in direct contact on either side of the heel using a coupled gel. Broadband ultrasound 
attenuation BUA decibels ^ dnegahertz (Db/MHz). We used the scanning protocol produced 
by the manufacturer.
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2.9.2.1 Quality assurance tests
The CUBAClinical is a precision instrument; therefore it is essential at the beginning of 
each session a Quality Assurance (QA) test should perform to ensure that the machine is 
operating correctly. It was recommended checking the calibration of the instrument using 
the QA phantom supplied with the system.
Recommended limits
The certificate of calibration supplied with the CUBAClinical states the BUA and VOS 
results obtained by McCue PLC during factory calibration of this CUBAClinical with its 
designated phantom. Normally, BUA and VOS values within tolerance of ± 2 BUA and ± 20 
VOS m/s of the values stated on the certificate should be obtained.
Performing a OA Test
• The faces of the transducers and the phantom were cleaned
• 25mm diameter circle full of gel was placed in the center of each face of the phantom 
using the tip of the gel bottle.
• The phantom was placed in the CUBA Clinical.
• The transducer was closed, by pressing the close button on the CUBA Clinical.
• The phantom was pushed into the bottom of the foot well.
• The system waits for a setting period to allow distribution of the gel to stabilize and any
trapped air bubbles to escape.
• After the settling period, the system took the measurement.
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2.9.2.2 Procedures of measurements
The software defaults to measuring the left foot, which is generally the non-dominant foot. 
(The normative data was collected on left feet). Patient shoes and foot clothing removed in 
order to take a measurement. Alcohol impregnated wipes were used to clean the patient skin 
around the heel prior to the measurement. Locating the correct site on the calcaneus is 
important for accurate measurements, anatomical foot inserts is used according to foot 
length. Foot length being the distance from the back of the heel to the tip of the big toe. The 
foot is placed into the foot well, to identify where the big toe falls, to read the insert size 
needed. Insert A used on foot size below 230 mm in length, inserts B for foot size from 230 
mm to 250mm in length and for feet over 250mm no insert is required.
To ensure that a clear contact is made to each side of the heel, a coating of ultrasound gel 
applied to the face of each transducer pad and the skin on either side of the heel. The foot 
and especially the heel should be central within the foot well of the CUBA Clinical. The 
heel is pushed fully back into the foot well- this is especially important for accurate 
measurements. Fit the patient’s calf in the calf support. The patient’s calf should be 
positioned fully back in the support and secure this position with the straps. Then close the 
transducers to start the measurement. The system took the measurement. After 
measurement, the result was displayed both in table format and graphically on the main 
screen.
2.9.2.3 Interpreting QUS scans
The CUBAClinical measures BUA (Broadband Ultrasound Attenuation). The complex the 
structure of the bone will be blocked sound wave. Therefore normal bone has a higher 
attenuation (BUA) than osteoporotic bone. Fig.2.1 represented female and Fig.2.2 
represented male.
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T and Z scores
These scores allow for the comparison of a patient’s BUA value with normative population. 
BUA Z Score
The number of population standard devotions that a BUA value is away from the population 
mean value for a particular age.
Z score =
Patient BUA — age — matched mean BUA 
Age — matched standard deviation
BUA T Score
Similar to Z score but not age matched. Instead the patient’s BUA is expressed in terms of 
the population mean and standard deviation at peak bone mass (young normal).
T score =
Patient BUA -  young adult mean BUA 
Young adult standard deviation
Status T- score tSDl
Average Greater than -1.0 SD
Below Average Less than -  1.0 SD but Greater than -2.0 SD
Risk of osteoporotic fracture Less than -2.0 SD
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DOB: 03/10/1997 
Height (m): 1.35
Sex: F
Weight (Kg): 25.0
Patient Data:
Separation BUA
N<»rm»|ivc Bl’A
B l ^ A  ( d H / M H y )
Ab*
M cCue CUBAciinical
Figure 2.1. CUB Clinical Bone Densitometer Female.
DOB: 12/30/1994 
Height (m): 1 47
Patient Data:
Weight (i<g): 41 0
Zu
-1.79
N«>rnriM lflv<‘ A
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Figure 2.2. CUB Clinical Bone Densitometer Male.
2.9.3 Determination of bone health indices
Bone mineral content measurements were determined for all subjects at the lumbar 
spine(L2-L4) and whole body (WB) sites using dual X-ray absorptiometry (DXA) (Hologic 
QDR4500, USA) with its Pediatric software Version 11.40.004.(www.gehealthcare.com). 
All measurements were performed at the Centre of Excellence for Osteoporosis Research 
(CEOR) within the King Fahed Medical Research Centre (KFMRC), Jeddah. The calibration 
of the absorptiometer was checked daily The CV of this technique was <0.1%.
What is DEXA Scan?
DEXA (Dual Energy X-ray Absorptiometry) examinations estimate the amount of bone 
mineral content in specific areas of your body Two X-Ray energies allows the Radiologist to 
tell the difference between bone and soft tissue, giving a very accurate estimation of bone 
density .Often confused with a nuclear medicine bone scan, a bone mineral density 
measurement with DEXA is painless, and requires no injections, invasive procedures, 
sedation, special diet or any other advance preparation During a DEXA exam, the patient 
lies fully clothed on a padded table while the system scans one or more areas of bone 
(usually the lower spine or hip). The entire exam typically takes just a few minutes to 
complete while DEXA uses x-rays. Figure.2.3 represented Patient position.
Patient Preparation:
Food or fluid was not restricted. Clothing without snaps, zippers or metal was worn should 
be loose. The patient removed all attenuating materials from the scan region before a scan 
acquisition. The position of the patient was in the middle of the scan table: the centerlines on 
the table pad ran lengthwise down the center of the patient’s body. The spine was centered 
and straight, both iliac crests were visible, and the scan started in the middle of L5 and ends 
in the middle of T12. The patient’s head was directly below the horizontal line at the top of 
the table pad.
The patient’s arms were against their sides with palms flat against the table pad. The 
patient’s legs were position on the support block, such that the patient’s thighs were at a 60®- 
90® angles. The support block helps separate vertebrae and straightens the lower back. The 
laser light should be 2 inches below the patient’s navel. Figure.2.4 and Figure.2.5 
represented the A dual energy x-ray of bone density of whole body and spine.
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Figure 2.3. DXA scan
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Birth Date: 30/12/1994 13.4 years Facility ID:
Height/Weight: 147.0 cm 41.0 kg Measured:
Sex/Ethnic: Male White Analyzed:
61
14/06/2008 12:47:51 (11.40)
14/06/2008 12:55:47 (11.40)
Total Body Bone Density
f \ r. 4
Densitometry Reference: Total 
I AM 2-Score
1.220 [ ^ ÿ  .
-  -1iff#'-: 7  
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Age (years)
Total Body (Total) Results
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Figure 2.4. A dual energy x-ray of bone density of whole body.
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Birth Date: 30/12/1994 13.4 years
Height/Weight; 147.0 cm 41.0 kg
Sex I  Ethnic: Male White
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Analyzed:
61
14/06/2008
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Figure 2.5. A dual energy x-ray of bone density at the spine.
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2.10 Statistical analysis
Data was analyzed using SPSS software (Statistical Package for Social Sciences) version 
19.0 (SPSS Inc, Chicago, USA). The SPSS was used for all the analysis and data were 
coded and analyzed by the researcher, with assistance and advice sought firom Prof. 
Lanham-New and Prof. Fouad Dehlawi. All variables were double checked for their values 
and outliers. Categorical variables were checked for their frequencies. All data are presented 
as mean, median and SD and all data were checked for normality using the K-S test. 
Normality tests were performed on all continuous variables. With normally distributed 
variables, parametric tests were used. Variables which were not normally distributed were 
transformed into their logarithmic form. These were checked again for their normality of 
distribution by using the normality test. If they were normally distributed, they were entered 
in parametric tests. If they were not, non-parametric tests were used with them. Simple 
correlations and the analysis of variance were performed to explore relations among 
variables and across subgroups. Partial correlations and the analysis of covariance were used 
to explore the relations while adjusting for confounders. A multiple regression analysis 
model was established to determine the predictors of vitamin D status and life styles, bone 
profile, bone fractures, bone marker turnover, and bone health incidences.
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CHAPTER 3
ASSESSMENT OF KEY NON-DIETARY 
LIFESTYLE FACTORS AND 
MEASUREMENT OF 
ANTHROPOMETRIC INDICES
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3.1 Introduction
Vitamin D deficiency is a common worldwide problem that affects children, adults and the 
elderly. The main source of vitamin D is sunlight, and most people synthesize about 90% of 
the required amount of vitamin D when their skin is exposed to the sun. Specifically, the UV 
B1 region of the light spectrum converts pre-vitamin D in skin to its active form. For this 
reason, vitamin D is sometimes called the sunshine vitamin. Ironically, vitamin D deficiency 
is very common in sunny countries. In fact, anyone who is not exposed to an adequate 
amount of sunlight or who does not consume at least 800-1000 U of vitamin D is at high risk 
of vitamin D deficiency, which is also called hypovitaminosis D (Holick., 2004).
Currently, there is scant data that correlates bone health with lifestyle factors for individuals 
living in Middle Eastern countries. A number of studies suggest that the incidence of 
vitamin D deficiency is higher in children in Arab countries compared to their counterparts 
in Western countries (Musaiger et al., 2011). Furthermore, the prevalence of vitamin D 
deficiency is significantly higher in Arab women than in light-skinned (Caucasian) women, 
because cultural influences over choice of garments have considered being a major 
contributor to vitamin D deficiency.
Sedrani (1983): reported an incidence of severe hypovitaminosis D in Saudi Arabian women 
and men aged 62 ± 13 years. Elderly person have low level of 250H D than young for both 
gender, and was significant higher in female than male (Sedrani et ah, 1983).
However, data are lacking for comparing age-matched boys and girls in Saudi Arabia using 
the same study design. No studies have directly compared younger and older school-aged 
boys with their girls’ counterparts, and few studies have investigated whether vitamin D 
levels are lower in veiled girls compared to the unveiled population. This is particularly 
important in the Kingdom of Saudi Arabia since a high percentage of females are veiled, 
usually beginning in puberty (Al-Ghamdi et ah, 2012).
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3.2 Principal Aims
The principle aims of this chapter were as follows:
• To assess the key non-dietary lifestyle factors, including economic status, extent of 
veiling (i.e. none partly veiled or fully veiled), physical activity levels, time spent 
outside and hours of sunlight exposure in boys and girls according to age groups and 
estimates of pubertal status, and to determine if there is any relationship between vitamin 
D levels and either housing type and income level.
• To measure anthropometric indices (weight and height) in boys and girls and determine 
the obesity prevalence.
• To assess the correlation between body weight and vitamin D status to find out if a 
higher BMI is associated with a lower 250H D level in adolescents.
• To assess the impact of veiling on vitamin D status and to determine whether girls who 
wear a veil have lower vitamin D levels than girls who are partly veiled or who do not 
wear a veil,
3.3 Study design
3.3.1.1 Subject selection
In this cross-sectional study, the subjects were school-aged boys and girls attending
government schools in Jeddah, Saudi Arabia. A total of 300 school children (150 boys and
150 girls) aged 6-18 years were included in the study. None of the subjects suffered from
any condition or were taking any medicine that was likely to affect their bone metabolism.
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3.3.1.2 Assessment of key lifestyle parameters
A brief questionnaire was used to collect information about the following for each subject: 
health and socio-economic status; mode and onset (age) of veiling for girls; birth order of 
the child in the family; parents’ educational levels; consanguinity between the parents; 
duration of daily sun exposure. The questionnaire included specific questions regarding the 
extent of physical activity (in hours/week, h/wk) for the following activities: walking, 
swimming, cycling, aerobics and running.
The questionnaire used in this study was adopted from the physical activity section of the 
Scottish Heart Health Study and has been used previously in physical activity and bone 
health studies (New et al., 2000). A copy of the questionnaire is available in the Appendix 
B.
3.4 Statistical analysis
The data were analyzed using the SPSS statistical package (Version 19, 2010, Chicago, IL, 
USA). Data were checked for normality using the Kolmogorov-Smimov test, and non- 
parametric analysis was used for variables that were not distributed normally. Differences 
between groups were analyzed using one-way ANOVA with Scheffe post-hoc analysis or 
the Kruskal-Wallis test (for non-parametric data). School children (boys and girls) were 
divided into four age groups (6-9 years, 10-12 years, 13-14 years and 15-18 years) and into 
two groups based on estimated pre- and post-pubertal status. We analyzed data according to 
age group and pubertal status to determine the effects of age and puberty on bone health. 
Based on the information obtained from the questionnaire regarding the start of menarche 
for the girls, we considered any girl up to the age of 9 years to be pre-pubertal; girls aged 9- 
12 years were considered peri-pubertal, and girls 13 years and older were considered post- 
pubertal. We estimated the average age of puberty for boys to be 12 years; thus, boys under
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1 2  years old were considered pre-pubertal and those 1 2  years or older were considered to be 
post-pubertal.
3.5 Results
3.5.1 Characteristics of the study subjects
A total of 300 school children living in the city of Jeddah were included in this study, 150 
boys (age range, 7-16 years) and 150 girls (age range, 6-18 years). The mean age standard 
deviation, M [SD] of the boys and the girls was 11.2 [2.4] years and 11.3 [2.4] years, 
respectively. The mean ages of the boys and girls in the age groups shown in Table 3.1 were 
8  years, 11 years, 13 years and 15 years for the groups of children who were 6-9 years, lb- 
12 years, 13-14 years and 15-18 years old, respectively.
Table 3.2 shows that there was a difference between the pre- and post-pubertal ages of boys 
and girls. The mean ages of the pre-pubertal and post-pubertal boys were 10.3 [1.9] and 14.7 
[0.6] years, respectively. The mean ages of the pre-pubertal and post-pubertal girls was 8.5 
[1.3] and 12.7 [1.4] years, respectively. Thus, the mean ages according to estimated pubertal 
status were significantly different in boys and girls (P<0.05).
The questionnaire was used to assess the start of menarche for the girls; none had started 
their periods before age 10 years, so we were confident that girls in the 6-9 year group were 
pre-pubertal. Based on the questionnaire results, girls aged 10-12 years were pre-pubertal 
and those in the 13-14 year and 15-18 year groups were post-pubertal. However, we have 
been careful in the analysis to discuss the findings according to age group and according to 
estimated pubertal development.
The questionnaire also assessed the socio-economic status of the studied population. Based 
on income and housing type, 51.3% of the subjects were considered non-affluent, and 48.7%
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were considered affluent. About 6.0% belonged to a low-income group, while 47.7% had a 
medium income and 46.3% had a high income.
There was a difference in the percentage of girls who wore veils in the different age groups. 
All of the girls in the older age group (15-18 year group) were fully veiled, whereas for girls 
13-14 years old, 73.8% were fully veiled and 26.2% were partly veiled. Almost all of the 
girls between 10-12 years old were partly veiled (96.5%), while 97.4% of girls aged 7-9 
years were not veiled.
Table 3.2 shows the percentage of girls who wore veils according to estimated pubertal 
status. In the pre-pubertal group, 80.4% of the girls were not veiled and 19.6% were partially 
veiled. There were no girls in the pre-pubertal group who were fully veiled. In contrast, 
77.8% of post-pubertal girls were partly veiled, and 22.2% were fully veiled.
3.5.2 Sunlight exposure
As shown in Table 3.1, there was a difference in sun exposure between older and younger 
boys and between older and younger girls. Overall, boys had more sun exposure (min/day) 
than girls.
All subjects included in the study were divided into three groups according to the amount of 
time they spent in the sun (min/day) as shown in Figure 3.1. For the entire group (boys and 
girls), 22.3% received minimal exposure to the sun (up to 20 min/day), 48.33% received a 
medium amount of exposure to the sun (20-60 min/day), and 29.33% received a high level 
of sun exposure (more than 60 min/day). The mean time spent outside in the sun according 
to age groups is shown in Figure 3.2 for both boys and girls.
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■  M inim al exposure 20 (m in /day)
■  M edium  exposure betw een 20-60  (m in /day
■  High exposure m ore than 60 (m in/day)
22%
/  29%
49 %
Figure 3.1. Percentages of sun light exposure in Saudi school children to sunlight n= 300 boys &girls.
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Figure 3.2. Mean time spent outside in the sun (min/day) according to age.
Table 3.2 and Figure 3.3show that there was a difference in the amount o f  time boys and 
girls spent in the sun according to pre- and post-pubertal status. The boys spent more time in 
the sun than the girls. The mean duration o f sun exposure was 65.04 [29.1] min/day for pre­
pubertal boys and 50.31 [20.7] min/day for post-pubertal boys. The mean duration o f  sun 
exposure was 19.1 [9.95] min/day for post-pubertal girls and 23.89 [10.72] min/day for pre­
pubertal girls.
70
Boys Pre­
pubertal
Boys Post- 
pubertal
Girls Pre­
pubertal
Girls Post- 
pubertal
Figure 3.3. Mean time spent outside in sunlight (min/day) in Saudi Arabian school children according to 
gender and estimated pubertal status.
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3.5.3 Physical Activity
As shown in Table 3.1, girls were less physically active than boys. The average amount of 
physical activity was 4.4 -5.6 h/wk for the youngest boys and 3.2 - 3.6 h/wk for the oldest 
boys. Interestingly, the physical activity level ranged from 3.1 h/wk for the youngest girls to 
1 h/wk for the oldest girls.
As shown in Table 3.2, there was a difference in the physical activity levels of boys and girls 
according to estimated pubertal status, with a mean of 4.6 [2] h/wk of activity for pre­
pubertal boys and 3.6 [1.9] h/wk for post-pubertal boys compared to 2.9 [1.4] h/wk for pre­
pubertal girls and 1.3 [1.1] h/wk for post-pubertal girls. However, there was a large 
difference in the physical activity levels of pre- and post-pubertal boys and girls, as shown 
in Figure 3.3.
Boys Pre- Boys Post- Girls Pre- Girls Post- 
pubertal pubertal pubertal pubertal
Figure 3.4. Physical activity of school children (hours/week) according to pubertal status. (n=300)
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3.5.4 Effects of accommodation type and financial status on vitamin D 
status
The effects of socio-economic status, as reflected by housing/accommodation type and 
income, on vitamin D status were studied for all subjects (boys and girls). There was a clear 
effect of accommodation type on vitamin D status, as shown in Table 3.3 and Figures 3.5 
and 3.6. Specifically, the mean value of 250H D in boys was higher than that of girls who 
lived in the cottages, followed by children who lived in villas. Girls who living in 
apartments had the lowest level of vitamin D status. These findings confirmed the effect of 
exposing to sunlight and the type of housing play an effective role in vitamin D status.
There was a clear relationship between financial income and 250H D levels. The level of 
250H D was significantly different between boys and girls with low incomes, but there was 
no significant difference between 250H D levels in boys with medium vs. high incomes. 
The 250H D levels were significantly different in girls with different income level.
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3.5.5 Description of anthropometric measurements
Table 3.4 summarizes the weight, height and calculated body mass index (BMI) data of the 
boys and girls (total n=78) according to age group. The BMI was calculated as weight in 
kilograms (Kg) divided by the square of the height in meters. The results are presented as 
mean values [SD].
Of the total sample (n=300), we measured the weight of only 37 boys and 41 girls. These 
measurements were performed during the bone mineral density and bone mineral content 
measurements at the lumbar spine and whole body. The mean weights of the boys and girls 
in the 6-9 year, 10-12 year, 13-14 year and 15-18 year age groups were 39.9 [22.2], 50.0 
[19.2], 52.3 [12.7] and 58.0 [14.7] Kg for boys and 28.9 [9.9], 45.6 [14.3], 47.6 [8.2] and 
41.0 [14.0] Kg for girls, respectively. The mean heights of the boys in these age groups were 
1.37 [0.12], 1.48 [0.11], 1.6 [0.09] and 1.65 [.008] m, respectively, while the mean heights 
of girls in these age groups were 1.28 [0.12], 1.47 [0.08], 1.55 [0.08] and 1.5 [0.08] m, 
respectively. The girls were lighter and shorter in each of the age groups compared to their 
male counterparts (P<0.05). As expected, the median height and weight gradually increased 
with age and was the highest in the oldest children (15-18 years). The mean BMI values 
fluctuated in the younger three groups, with the highest BMI values found for the oldest 
groups of boys and girls.
As shown in Table 3.5, the children’s weights differed according to their estimated pubertal 
status, with the most significant difference found between pre- and post-pubertal girls. There 
were differences in height between pre-pubertal boys and girls and post-pubertal boys and 
girls; however, there was not much difference in BMI between the pre- and post-pubertal 
boys and girls.
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3.5.6 . Association between weight, height and body mass index (BMI)
The data were analyzed to determine whether there was an association between body 
weight, body height and BMI for either girls or boys. The results are shown in Tables 3.6 
and 3.7. Pearson product-moment correlation demonstrated that there was a positive 
correlation between body weight and BMI for the children as a group (P<0.05). Figures 3.7 
and 3.8 illustrate this correlation.
Table 3.6. Correlation coefficients for weight, height and body mass index (BMI) for girls (n=41).
Correlation coefficient Wt (Kg) Ht(m)
BMI (Kg/m2) 0.875* 0.495*
Sig 0.000 0.001
*Correlation was considered significant at P< 0. 01
Table 3.7. Correlation coefficients for weight, height and body mass index (BMI) for boys (n=37).
Correlation coefficient Wt(Kg) Ht(m)
BMI (Kg/m2) 0.743** 0.471*
Sig 0.000 0.003
*Correlation was considered significant at P< 0. 01
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Figure 3.7. Correlation between BMI and weight in school children. (n=78)
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Figure 3.8. Correlation between BMI and height in school children. (n=78)
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3.5.7 Weight, height and BMI percentiles for Saudi Arabian boys and girls
Tables 3.8 and 3.9 show the weights, heights and BMIs, and the corresponding percentiles 
according to age, for Saudi Arabian boys (n=37) and girls (n=41). The percentiles were 
determined using the CDC BMI-for-age growth charts. These charts are shown in Figures 
3.9, 3.10, 3.11 and 3.12. We used these charts to determine whether each child was at a 
healthy weight for his/her height, age and gender.
The charts provided here are based on publicly available data from the National Health and 
Nutrition Examination Survey (Centers for Disease Control and Prevention, U.S. 
Department of Health and Human Services). The BMI values for individuals can be affected 
by many factors, such as the parents’ body sizes and the child’s level of physical maturity 
(2000 CDC Growth Charts for the United States: Methods and Development Data From the 
National Health Examination Surveys Series 11, Number 246 May 2002). Calculating the 
BMI is the best way to evaluate a growing child’s weight. BMI percentiles between the 5th 
and 85th percentiles represent healthy weights for boys and girls; 10 boys and 6  girls had 
95th percentile BMIs, which is considered obese (Kuczmarski et ah, 2002).
Tables 3.10and 3.11 show that in this group of 78 children, the lowest BMI for boys and 
girls was 13, the highest BMI for boys was 39.14 and the highest BMI for girls was 30.59. 
Differences in BMI are due to differing amounts of body fat, muscle and bone, which vary 
according to age and gender. The BMIs of the children and teens we studied are depicted in 
Figure 3.11.
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Table 3.8.The weight, height, BMI and corresponding percentiles (to the nearest 10th percentile)
according to age for boys in this study (n=37).
Gender Age(years)
Weight
(Kg)
Percentile
(WT/Kg)
Height
(cm)
Percentile
(Ht/cm)
BMI
(Wt/ht^)
Percentile
(Wt/ht^)
M 12.8 36 10th 147 25th 16.66 50th
M 13.7 77 95th 164 7th 28.63 95th
M 13.3 34 5 th 145 10th 28.63 95th
M 13.5 52 50 th 150 10th 23.11 90*
M 15 52 25th 150 5 th 26.67 95*
M 14.4 73 90th 166 50 th 26.49 95*
M 15 45 10th 154 5th 18.97 50*
M 14.9 45 10th 159 10th 17.8 10*
M 15.3 51 25th 171 50 th 17.44 10*
M 14.8 73 90th 166 25th 26.49 95*
M 16 74 75th 174 50th 24.44 85*
M 14.6 45 5th 165 10th 16.53 5*
M 15.9 55 25th 157 5th 22.31 75th
M 8.8 29 50th 124 10th 1&86 85th
M 8.9 25 10th 135 25th 13.72 5 th
M 11 78 95th 171 95th 2&67 95th
M 12.8 48 75th 153 50th 20.5 75th
M 13.4 41 10th 147 10th 18.97 50th
M 11.2 35 5 th 143 10th 17.12 50 th
M 12.1 66 95th 155 50 th 27.47 95th
M 14.1 44 25th 153 10th 1K8 50 th
M 12.5 34 10th 145 10th 16.17 50th
M 11.3 73 95th 156 90th 30 95th
M 11.6 29 5th 124 5th 1&86 50th
M 11.2 43 75th 145 50 th 20.45 85th
M 11.2 44 75th 146 50th 20.64 85th
M 11.1 25 5th 138 5 th 13.13 5th
M 10.9 35 50 th 130 5th 20.71 85th
M 10.3 34 50 th 137 5 th 18.11 75th
M 12.8 42 25th 147 10th 19.44 75th
M 14.6 104 95th 163 25th 39.14 95th
M 10.5 41 75th 144 50 th 19.77 85th
M 128 73 95th 150 25th 32.44 95th
M 8.3 21 5th 122 10th 18.6 85th
M 9.3 24 5 th 126 5th 15.12 25th
M 10.6 32 25th 133 10th 18.09 75th
M 10.9 43 75th 145 50 th 20.45 85th
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Table 3.9.The weight, height, BMI and corresponding percentiles (to the nearest 10th percentile)
according to age for girls in this study (n=41).
Gender Age(years)
Weight
(Kg)
Percentile
(Wt/kg)
Height
(cm)
Percentile
(Ht/cm)
BMI
Wt/ht^
Percentile
(Wt/ht^)
F 12.9 34 5th 147 lOth 15.73 lOth
F 14.2 42 lOth 146 5th 19.7 50th
F 13 45 50th 145 5th 21.4 75*
F 13.3 43 25th 150 lOth 19.11 50*
F 12.2 67 95th 148 25th 30.59 95*
F 12.5 75 95th 163 90th 2K23 95*
F 13.2 58 75th 155 25th 24.14 90*
F 12.9 41 25th 157 50th 16.63 10*
F 13.9 47 25th 160 50th 18.36 25*
F 11 27 5h 139 25th 13.97 5*
F 13.4 50 50 h 156 25th 20.55 50*
F 13 53 75th 152 25th 22.94 85*
F 13.6 61 75th 155 25th 25.39 90*
F 13.1 54 75th 151 lOth 2168 85*
F 31.1 31 5th 143 5th 15.16 5*
F 10.9 39 50th 135 5th 21.4 90*
F 11.5 53 90th 142 25th 2&28 95*
F 11.2 25 5th 135 lOth 13.72 5*
F 8.6 23 lOth 117 5th 16.8 50*
F 11.8 60 95th 152 50th 25.97 95*
F 10 38 50th 124 5th 24.71 95*
F 9.6 25 lOth 122 5th 16.8 50*
F 11.1 26 5th 131 5th 15.15 10*
F 8.8 26 5th 133 5th 14.7 10*
F 14.2 49 50th 160 50th 19.14 50*
F 8.7 29 50th 128 50th 17.7 75*
F 7.4 24 50th 124 50th 15.61 25*
F 7.6 21 lOth 125 50th 13.44 5*
F 8 21 lOth 117 5th 15.34 25th
F 10.1 48 95th 138 50th 25.2 95th
F 13.4 40 25th 150 lOth 17.78 25th
F 7.7 20 lOth 124 50th 13.01 5th
F 7.3 25 50th 130 90th 14.79 25th
F 18.7 56 50th 157 lOth 22.72 50th
F 15.3 54 50th 175 95th 17.63 lOth
F 13.6 39 lOth 151 lOth 17.1 lOth
F 14.7 55 75th 156 25th 22 6 75th
F 14.4 39 5th 149 5th 17.57 lOth
F 17 36 5th 146 5th 16.89 5th
F 13.4 50 5th 157 25th 20.28 75th
F 13.6 39 5th 151 lOth 17.1 lOth
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Figure 3.9. CDC growth chart: USA used to calculate the BMI percentiles according to age for the boys
in this study. w>\"iv.cdc.gov/growthcharts/clinical charts.htm.
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Figure 3.10. CDC chart status used to calculate the weight and height percentiles according to age for
the boys in this study, www.cdc.gov/growthcharts/clinical charts.
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Figure 3.11. CDC growth chart: USA used to calculate the BMI percentiles according to age for the girls
in this study, mvw.cdc.gov/growthcharts/clinical charts.htm.
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in this study, www.cdc.gov/growthcharts/clinical charts.
129
P ercentile
95ih
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
3.13. Chart useful tool for body Mass Index according to age.
Children with a BMI in the white zone are considered underM’eight.
Children with a BMI in the green zone are considered to have a normal weight.
Children with a BMI in the yellow zone are considered at risk for being obese.
Children with a BMI in the red zone are considered obese.
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3.5.8 Association between 250HD status and anthropometric 
measurements
The association between BMI, weight and height, and vitamin D status was examined in 78 
Saudi Arabian boys and girls. In the boys, there was a significant negative correlation 
between weight and 250H D status, showing that subjects with higher body weights had 
lower vitamin D levels Tables 3.10.(partsl&2). A significant negative correlation was also 
found between height and 250HD status, and a non-significant trend was found between 
BMI and 250H D status (P<0.08). Table 3.11 (Parts 1, 2, 3 & 4) show the association 
between BMI, weight, height and 250H D status in the pre- and post-pubertal groups.
In the pre-pubertal boys, there was a significant negative correlation between height and 
250H D status. There was also a significant negative correlation between weight and 250H 
D status, while a non-significant trend was found between BMI and 250H D status 
(P<0.065). In the post-pubertal boys, there was no correlation because the number of 
subjects was too small to determine such a correlation (n=7).
We only had data from 13 pre-pubertal girls available for analysis. There were no significant 
correlations between 25OH D status and weight, height or BMI. It is important to note that 
the numbers were small. This is also shown in Table 3.11 (parts 3 and 4) for post-pubertal 
girls.
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Table 3.10. Correlation between 250H D status, weight, height and BMI according to age group.
(l)Boys (n=37)
Spearman's correlation 
coefficient (n=37) Weight (Kg) Height (m) BMI (Kg/m2)
25 OH D (nmol/L) -0.386* -0.446** -291
Sig 0.018 0.006 0.08
‘Correlation was considered significant at P <0.01
(2) Girls (n=41).
Spearman's correlation 
coefficient (n=41) Weight (Kg) Height (m) BMI (Kg/m2)
250H  D (nmol/L) -0.447** -0.268 -0.401**
Sig 0.009 0.003 0.091
Correlation was considered significant at P <0.01
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Table 3.11. Correlation between 250H D status, weight, height and BMI according to gender and 
pubertal status.
(1) Pre-pubertal boys (n=30)
Spearman's correlation 
coefficient (n=30)
Weight
(Kg)
Height
(m) BMI (Kg/m2)
2 5 OH D (nmol/L) -0.398* -0.517 -0.341
Sig 0.029 0.003 0.065
Correlation was considered significant at P< 0.05
(2) Post-pubertal boys (n=7)
Spearman's correlation 
coefficient (n=7)
Weight
(Kg)
Height
(m) BMI (Kg/m2)
25 OH D (nmol/L) 0.482 0.464 0.036
Sig 0.274 0.294 0.939
(3) Pre-pubertal girls (n=13)
Spearman's correlation 
eoeffieient (n=13)
Weight
(Kg)
Height
(m)
BMI (Kg/m2)
250H D (nmol/L) 0.157 0.310 -0.093
Sig 0.608 0.303 0.762
(4) Post-pubertal girls (n=28)
Spearman's correlation 
coefficient (n=28)
Weight
(Kg)
Height
(m) BMI (Kg/m2)
2 5 OH D (nmol/L) 0.016 -0.147 0.005
Sig 0.934 0.455 0.980
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3.5.9 Association between vitamin D status, physical activity and sunlight 
exposure
There was a strong positive association between physical activity (h/wk), and 250H D status 
(nmol/L) in all boys and girls, and this association was highly significant as represented 
Tables 3.12 and 3.13. The association according to age group, which is shown in Figures 
3.14 (parts 1 & 2). There was strong positive association between sunlight exposure 
(min/day) and 250H D status (nmol/L), as shown in Tables 3.14 (parts 1 and 2) and 
according to age group in Figure 3.16 and 3.17.
Table 3.12. Correlation between 250H D status and physical activity in boys and girls (n =300).
Gender Correlation coefficient (n=300)
Physical 
activity (h/wk)
Boys (n=150)
250HD 0.946**
Sig 0.000
Girls (n=150)
250HD 0.949**
Sig 0.000
**Correlation was considered significant at P< 0.01.
Table 3.13. Correlation between 250H D status and sun exposure in boys and girls (n =300).
Gender Correlation coefficient (n=300)
Sun exposure 
(min/day)
Boys (n=150)
250HD 0.899*
Sig 0.000
Girls (n=150)
250HD 0.9*
Sig 0.000
*Correlation was considered significant at P<0.05.
144
Table 3.14. Correlation between 250H D status, physical activity and sun exposure in boys and girls
according to age group.
{\)Boys
Age group Correlation coefficient Physical activity (h/wk) Sun exposure (min/day)
7-9 years n=42 250H D (nmol/L) 0.948** 0.858**
Sig 0.000 0.000
10-12 years n=59 250H D (nmol/L) 0.918** 0.887**
Sig 0.000 0.000
13-14 years n= 30 250H D (nmol/L) 0.9** 0.809**
Sig 0.000 0.000
15-16 years n=19 250H D (nmol/L) 0.97** 0.897**
Sig 0.000 0.000
**Correlation was considered significant at P< 0.01.
(2) Girls
Age group Correlation coefficient Physical activity (h/wk) Sun exposure (min/day)
6-9 years n=40 250H D (nmol/L) 0.955** 0.87**
Sig 0.000 0.000
10-12 years n=57 250H D (nmol/L) 0.937** 0.851**
Sig 0.000 0.000
13-14 years n= 42 250H D (nmol/L) 0.94** 0.9**
Sig 0.000 0.000
15-18 years n = ll 250H D (nmol/L) 0.837** 0.965**
Sig 0.000 0.000
‘'Correlation was considered significant at P<0.01.
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Figure 3.15. Association between 250H  D status and physical activity in girls. (n=150)
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3.5.10 Association between vitamin D status and extent of veiling in Saudi 
Arabian girls
The association of 250HD levels and the extent of veiling were examined in this study. In 
the Kingdom of Saudi Arabia, veiling is mandatory when a girl commences puberty. 
However, some girls start wearing a veil prior to this, depending on the religious beliefs of 
the family. As shown below in Table 3.15, there was no difference in 25OH D status for 
unveiled and partly veiled (showing face and hands) 6-9 year old girls or 10-12 year old 
girls, although the number of partly veiled girls was very low (n=l and n= 2  in these groups, 
respectively). There were no girls in these young age groups who were fully veiled. 
However, in 13-14 year old girls, the 250H D status showed a non-statistically significant 
trend for fully veiled girls to have a lower 250H D level compared to partly veiled girls 
(27.4 [7.5] mnol/L vs. 29.6 [9.6] nmol/L, respectively). All of the 15-18 year old girls were 
fully veiled, and these girls had a significantly lower 250H D status than the fully veiled and 
partly veiled 13-14 year old girls.
Table 3.15. Association between 250HD level and extent of veiling in Saudi Arabian girls according to 
age group (n=150).
250H D level
A ge group
6-9 years 
n=40
10-12years
n=57
13-14years
n=42
15-18years
n = ll
250H D
(nmol/L)
Unveiled
40.8 [9.1] 
n=39
35.4 [6.5] 
n=2
250H D  
(nmol/L) 
Partly veiled
56.7 H  
n=l
31.5 [9.3] 
n=55
29.6 [9.6]' 
n=31
250H D  
(nmol/L) 
Fully veiled
27.4 [7.5]^ 
n=l 1
22.0 [9.4] 
n = ll
'Mean values with unlike superscript letters were significantly different within the different veiling categories or in the different age 
groups (ANOVA, P<0.05; Kruskal-Wallis test, P<0.01).
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When the girls were categorized into pre-pubertal and post-pubertal groups according to 
menstrual status Table 3.16, the mean 250H D level was significantly lower in fully veiled 
girls (24.7 [8.7] nmol/L) compared with partly-veiled girls (29.92 [9.3] nmol/L). Similarly, 
the partly-veiled girls had a significantly lower mean 250H D level than unveiled girls 
(40.54 [8.98] nmol/1) (P<0.01 for both comparisons).
Table 3.16. Association between 250H D status and type of veiling according to estimated pre- and post- 
pubertal status in Saudi Arabian girls.
2 5 OH D level Pre-pubertal girls n=51 (7-13) years
Post-pubertal girls n=99 
(10-18) year
2 5 OH D (nmol/L) Unveiled 40.54 [8.98]' n=41
25 OH D(nmol/L) Partly veiled 39.75 [9.157]' n=10
29.92 [9.3]*’ 
n=77
250H D (nmol/L) Fully veiled 24.7 [8.7]' n=22
’’’ TVIean values with unlike superscript letters were significantly different within the different veiling categories or in the different age 
groups (ANOVA, P<0.05; Kruskal-Wallis test, P<0.01).
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3.5.11 Multilinear regression analysis of the effect of lifestyle factors on 
vitamin D levels in Saudi Arabian school children
Multiple variables that might affect 250H D status were examined using regression analysis. 
Time spent outside in the sun and physical activity were independent risk factors for both 
boys and girls.
Table 3.17 shows the effect of physical activity and time spent outside in the sun on 250H 
D status in boys. Physical activity-related changes in 250H D status were evident. There 
was an increase in 250H D levels at an exposure time of about 4.8 h/week. The influence of 
the amount of time spent outside in the sun on 250H D status was 0.145 min/day. Income
25OH D status = 25.919 + 4.55 x physical activity (h/week) + 0.146 x time spent in the 
sunlight (min/day)
Significance was assumed at P<0.001 
Multiple correlation coefficient R square = 0.901
The variables that might affect the 250H D levels in girls were physical activityand time 
spent outside in the sun. Table 3.18 shows that there were clear changes in 25OH D status 
according to the amount of physical activity that the girls engaged in. There was a 
significant increase in the 250H D level for each increase of 4.79 hr/week increase in 
physical activity. The influence of time spent outside in the sun on the 250H D level was 
0.28 min/day.
250H D status = 15.766 4.79 x physical activity (h/week) + 0.28 x time spent in the sunlight 
(min/day)
Significance was assumed at P<0.001 
Multiple correlation coefficient R square = 0.921
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Table 3.17. Regression coefficients for 250H D status on physical activity and time spent outside in the 
sun in boys (n=150).
Model R square
Unstandardized
coefficients
Standardized
coefficients
Sig.
B Std Error Beta
1 (Constant) 
Physical activity 0.861
27.829
6.174
0.988
0.204 0.928
0 . 0 0 0
0 . 0 0 0
2 (Constant)
Physical activity (h/wcck)
Time spent outside in the sunlight 
(min/day)
0.891
25.919
4.555
0.146
0.685
0.298
0.685
0.298
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
Dependent variable: 250H  D level
Table 3.18. Regression coefficients for 250H D status on physical activity and time spent outside in the 
sun in girls (n=150)
Model R square Unstandardized
coefficients
Standardized
coefficients
Sig.
B Std Error Beta
1 (Constant) 
Physical activity h/week
0.894
19.585
7.027
0.471
0.199 0.945
0.000
0.000
2 (Constant)
Physical activity (h/week)
Time spent outside in the 
sunlight (min/day)
0.921
0.676
0.359
0.040
0.676
0.359
0.040
0.645
0.342
0.000
0.000
0.000
Dependent variable: 250H  D level
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3.5.12 Multilinear regression analysis of anthropometric factors
The anthropometric parameters showed that the mean BMI was 21.5 [5.6] kg/m^ for the 
boys (n=37) and 19.3 [4.4] Kg/m^ for the girls (n=41). The BMIs for the boys and girls were 
significantly different. Table 3.19 shows the effect of weight and height on BMI for both 
genders. In the boys, multilinear regression was performed using age, weight and height as 
independent variables. Regression analysis shows the influence of these variables on BMI. 
We found that weight was related to changes in BMI. There was a significant increase in 
BMI of about 0.38 g, while height significantly decreased the BMI value by about -2.2 cm.
BMI: 35.9 + 0.367 x weight -  0.218 x height.
Significance was assumed at P<0.001
Multiple correlation coefficients R square: 0.917
Table 3.20 shows the effects of the same independent variables in 42 girls. Weight 
significantly increased the BMI by about 0.46 (Kg/m^), while height significantly decreased 
BMI by about -2.37 cm. Age was not a significant predictor of BMI in either gender.
BMI: 34.4 + 0.464 x weight -  0.237 x height.
Significance was assumed at P<0.01
Multiple correlation coefficients R square: 0.987
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Table 3.19. Regression coefficients for BMI on height and weight in Saudi Arabian boys.
Model R square
Unstandardized
coefficients
Standardized
coefficients
Sig.
B Std Error Beta
1. (Constant) 
Weight o f subjects(Kg)
0.856
9.501
0.251
1.322
0.026
0.856
0.000
0.000
2. (Constant) 35.911 5.575 1.281 0.000
Weight of subjects (Kg) 0.917 0.376 0.033 0.000
Height of subjects (m) -0.218 0.045 -0.538 0.000
Dependent variable: BMI (kg/m^)
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Table 3.20. Regression coefficients for BMI and height and weight in Saudi Arabian girls.
Model R square
Unstandardized
coefficients
Standardized
coefficients
Sig.
B Std Error Beta
1. (Constant) 
Weight of subjects (Kg)
0.877
7.964
0278
1.060
0.024
0.877
0.000
0.000
2. (Constant) 34.367 1.575 1.464 0.000
Weight o f subjects(Kg) 0.987 0.464 0.014 0.000
Height of subjects (m) -0.237 0.014 -0.742 0.000
Dependent variable: BMI (kg/m^)
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3.6 Discussion
The abundant sunshine in the Middle East region, which ranges in latitude from 12 to 42 N, 
makes natural vitamin D synthesis possible year-round. Ironically, people in the Middle East 
show some of the lowest levels of vitamin D and the highest rates of hypovitaminosis D 
worldwide. This may be attributed in part to the vitamin D content of the typical Middle 
Eastern diet as well as to non-dietary lifestyle factors (Anthropometric factors) or physical 
characteristics. The key lifestyle factors/characteristics that correlate with vitamin D levels 
were the focus of this chapter and include the following: physical activity, exposure to 
sunlight, type of housing, income level and pubertal status; for girls, veiling status was also 
a factor associated with vitamin D status. These factors have all been reported by others to 
be associated with hypovitaminosis D. The prevalence of vitamin D insufficiency was 
reported previously in the Third National Health and Nutrition Examination Survey using a 
definition of serum 250HD <50 nmol/L (Looker et al., 2002.)
In this study, the overall prevalence of vitamin D deficiency (<50 nmol/L) was 24.7% in the 
group of 300 Saudi Arabian boys and girls (32% in boys and 52% in girls). This was 
somewhat unexpected, since the study population was a cohort of healthy children, and 
Saudi Arabia is a sunny country. There are increasing reports of children with 
hypovitaminosis D in sunny humid countries (Lips., 2007, Bener et al., 2009, El-Hajj 
Fuleihan., 2009, Papandreou et a., 2010) we wanted to compare younger and older Saudi 
Arabian boys with younger and older Saudi Arabian girls, since there are scarce data for 
these groups.
We found extensive hypovitaminosis D in the older girls (15-18 years old), with 64% 
having 250H D levels below 25 nmol/L. Boys had consistently higher 250H D levels than 
girls in each of the age groups (6-9 years, 10-12 years, 13-14 years and 15-18 years). 
Vitamin D levels decreased with increasing age in both gender groups, and there was 
consistently a 10-20 nmol/L decrease in 250H D levels for the age groups in both genders.
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In the oldest girls, 100% had 250H D levels below 40 nmol/L, whereas approximately half 
of the pre-pubertal girls (6-9 years old) and 10-20% of all boys were below this level.
Vitamin D deficiency, defined as low levels of 250H D, is common among Middle Eastern 
adolescents, as shown by studies in Saudi Arabia and other Gulf countries. In east of Saudi 
Arabia, 75% of children with rickets, but only 25% of controls, have serum 250H D levels 
below 20 nmol/L (Al-Mustafa et al., 2007). A study by Sedrani et al (1983). looked at 
250H D levels in university students (26 males and 33 females) aged 18 to 26 years and in 
24 elderly persons. The mean level of 250H D was significantly lower in the elderly persons 
(P<0.001) than in students of both gender, and females had significantly higher 250H D 
levels than did males (Sedrani et al., 1983). Levels of 250H D below 25 nmol/L were 
reported in a study of 510 healthy children that was conducted by Mansour etal (2012). The 
children were from Saudi Arabia (54.9%), Yemen (27.45%) and Egypt (11.76%); 220 were 
boys and 290 were girls, and the age range was 4-15 years. The children from Saudi Arabia 
and Yemen had the highest incidence of hypovitaminosis D, and girls had a significantly 
higher incidence (P<0.001) of hypovitaminosis D than boys (Mansour and Alhadidi, 2012).
Recent study reported the 250H D levels in 201 primary school children (aged 7-8 years) 
and in 374 adolescents (aged 15-18 years) in University of Tasmania / Royal Australasian 
College of Physicians. Of the younger children, 11.5% had 250H D levels <50 nmol/L and 
0.5% had levels < 25 nmol/L; of the adolescentes, 40.6% had levels <50 nmol/L and 3% had 
levels < 25 nmol/L (van der Mei et al., 2012).
Many studies have reported that there is a strong association between 25OH D levels and 
sun exposure. Efforts to shield children from the harsh tropical sun are actually increasing 
their risk of hypovitaminosis D; in fact, there is an increasing incidence of vitamin D 
deficiency. (Lips; 2007, Bener et al., 2009, El-Hajj Fuleihan.,2009, Khor et al., 2011). In the 
present study, the boys and girls had alarmingly low levels of vitamin D. Boys spend more 
time outside than do girls, and there was a significant difference (P<0.001) in the mean 
25OH D levels in boys and girls. About 29.3% of the children in this study were exposed to 
more than 60 min/day of sun, while 48.3% spent between just 20-60 min/day outdoors.
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(Khor et al.,2011). reported a high incidence of on vitamin D deficiency in 402 boys and 
girls, aged 7-12 years, in Kuala Lumpur In this group, vitamin D deficiency was the result of 
education about the harmful effects of exposure to the sun as well as low dietary intake of 
vitamin D-rich foods (Khor et al., 2011) At the International Symposium on Vitamin D 
deficiency (Abu Dhabi., March 2012), Dr. Afrozul Haq noted, “People living near the 
equator who are exposed to sunlight without sun protection have robust levels of 250H D 
(above 75 nmol/L). However, even in the sunniest areas, vitamin D deficiency is common 
when most of the skin is shielded from the sun. Studies in Saudi Arabia, the United Arab 
Emirates, Australia, Turkey, India, and Lebanon, show that 30 to 50% of children and adults 
had 250HD levels under 50 nmol/L” (Haq, 2012). Holick emphasized that people should 
have a certain amount of exposure to sunshine to ensure that they meet their requirement for 
vitamin D (Holick., 2004a).
In Saudi Arabia, veiling is mandatory when a female commences puberty. However, some 
girls start wearing a veil earlier, depending on the religious beliefs of the family. For 
religious reasons, starting at puberty, most girls begin to cover most of their body with 
traditional black veiling, leaving just the face and hands uncovered. Some women also cover 
their faces and hands. We found that vitamin D status is lower in veiled girls than in the 
unveiled population. Furthermore, there was a negative correlation between veiling and 
levels of 250H D, and we observed a non-statistically significant trend for lower levels of 
250H D in fully veiled girls vs. partly veiled girls. In Saudi Arabia, many young women 
(>13 years old) have adopted a lifestyle in which they go outdoors only after the sun goes 
down. This tends to lead to what is referred to as “Nocturnal Society Syndrome” and can 
result in vitamin D deficiency. Because these girls do not have outside activities during the 
day, they risk developing osteomalacia.
Previous study by Allali et al (2006) emphasizes this point. Wearing a veil is an independent 
factor for the risk of hypovitaminosis. It is now clear that veiling can cause lower vitamin D 
status and increase the risk of fractures linking to osteoporosis; the way an individual 
dresses has a major impact on sun exposure and thus on vitamin D production and bone
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mineral density. Regardless of whether there are other risk factors, such as pregnancy, 
smoking or peripheral fractures, concealing the arms, legs and head raises the risk of 
osteoporosis (Allali et al., 2006).
The correlation between vitamin D levels and physical activity has been recognized in 
adults, although the data are somewhat contradictory. The prevalence study was one of the 
few studies to investigate whether physical activity changes the levels of vitamin D (Scragg 
and Camargo., 2008, Klausen et al., 1993).
Pearson correlation showed a significant association between physical activity in boys and 
girls and lower vitamin D levels (P<0.001). In addition, multilinear regression showed that 
there was an increase in 250HD levels with every 4.8 hour/week increase in physical 
activity in boys and with every 0.36 h/week increase in physical activity in girls.
Several studies in the last few years have associated low levels of physical activity and 
slower gait speeds with lower levels of 250H D. However, as stated by Naama W. 
Constantini of the American College of Sports Medicine, this may be because “Physical 
activity is positively related to BMD in vitamin D-deficient female adolescents and with 
increasing magnitude as serum vitamin D levels drop. These findings suggest that physical 
activity may counteract the detrimental effect of marked vitamin D deficiency on bone” 
(Constantini et al., 2010).
A cross-sectional survey of 81 indoor elite artistic gymnasts from Australia, aged 10-17 
years old, showed that 15 had vitamin D levels below 75 nmol/L and 6  had levels below 50 
nmol/L (Lovell, 2008). A study by Yanbin Dong et al (2010). Reported a positive 
correlation between 25OH D levels and dynamic physical activity (P<0.01) in 559 
adolescents aged 14-18 years old (Dong et al., 2010); these findings were consistent with 
those reported previously.
Socio-economic status as reflected by income level effect on Vitamin D status, usually 
income related differences in dietary intake patterns, with those of higher socio-economic 
status having diets more conducive to good health. In addition, there is some evidence found
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that, healthy eating patterns is complicated for low-income by the higher costs of some 
recommended foods. Few studies have examined vitamin D status in children correlated 
with income level. In this study, the relationship between financial income and 250H D 
levels was clear. The level of 250H D was significantly different between boys and girls 
with low incomes.
The results reported by Cole, et al (2012) emphasizes that, low-income children in the 
southeastern US have a high prevalence of both 250H D deficiency and insufficiency. (Cole 
et al., 2 0 1 0 ).
In addition to collecting data on non-dietary lifestyle factors, anthropometric data were 
collected from subjects in this study. The height, weight and BMI percentiles were used to 
study the prevalence of obesity according to gender and age group and according to pubertal 
status. There is currently a lack of data regarding the relationship between 250H D status 
and body fat index (Lenders et al., 2009).
We found that there was a significant negative correlation (P<0.005) between height and 
250H D status. There was also a significant trend between BMI and 250H D status. In post- 
pubertal boys, no correlation could be established because the number of subjects was too 
small (n=7). Similarly, data were available for only a few pre-pubertal and post-pubertal 
girls, so a correlation between 250HD status and weight, height and BMI could not be 
established in these groups.
A cross-sectional study by Gilbert-Diamond examined the relationship between 250H D 
status and anthropometric measures in 3202 children aged 5-12 years old who attended a 
public school in Bogota, Colombia. In that study, BMI increases were associated with a 
lower level of vitamin D (Gilbert-Diamond et al., 2010).
Aemzadeh found a negative association between 250H D and body fat in 127 children and 
adolescents aged 6.0-17.9 years old at the Children's Hospital of Wisconsin / USA 
(Alemzadeh et al., 2008).
159
The results reported by Mansour, etal (2012) were shown a similar result with those reported 
previously (Mansour and Alhadidi., 2012). This could be explained by the fact that, vitamin 
D is decreased in obese individuals. In contrast, other studies did not find any associations 
between BMI and 250H D levels in the pediatric population. (Cheng et al., 2003, Weng et 
al., 2007, Parry et al., 2011).
BMI is a reliable indicator of body fatness. However, it should be noted that BMI and BMI 
percentile according to age do not directly measure body fat. For example, very athletic kids 
can have a high BMI for their age. In our study, we found that there was a highly positive 
correlation between weight and BMI in both genders (P<0.05). The lowest BMI observed 
for both boys and girls was 13 kg/m^, and the highest BMI value for boys and girls was 
39.14 kg/m^ and 30.59 kg/m^, respectively. Most of the BMIs were between the 5^  ^and 85‘^  
percentiles, which represents a healthy weight, but 1 0  boys and 6  girls had 9 5 * percentile 
BMIs and were thus considered obese. Among the boys with 95* percentile BMIs Table 3.8, 
4 were 15 years old or older, suggesting a higher incidence of obesity among pre-pubertal 
boys. In contrast, all girls having 95* percentile BMIs were under 12 years of age, indicating 
that the trend according to pubertal status was the same as in boys. Obesity severity can be 
determined by calculating the weight-to-height ratio according to age. There was an 
interesting trend for girls in that many of the girls who were older than 14 years had BMIs 
lower than the 10* percentile. This may reflect their desire to look more attractive by having 
a leaner body shape, which is often the case for girls who are trying to be more attractive to 
their peers. Growth charts for Saudi Arabian children and adolescents have been established 
by AL Herbish et al. (Al Herbish et al., 2009). According to these charts, most of the 
children in this study were in the normal range, with 70% of the boys and 77% of the girls 
having BMIs between the 5* and 85* percentiles. However, 30% of boys and 22% of girls 
had BMIs that were at the 95* percentile level or above. According to the GDC, people aged 
20 years and younger with BMIs that are under the 5* percentile are considered to be 
underweight, those with BMIs between the 85* and 95* percentiles are considered to be 
overweight and those with BMIs above the 95* percentile are considered obese.
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3.7 Conclusion
Vitamin D and a high rate of hypovitaminosis D were observed in the children in Jeddah, 
Saudi Arabia that were observed in this study. As society becomes more urbanized, the 
accompanying extreme environmental changes in lifestyle, lead to reduced exposure to 
sunlight, as people stay indoors in such conditions, lead to consequences for the health of the 
society as a whole. Reduced exposure to sunlight makes it difficult to synthesize sufficient 
levels of vitamin D in the skin. Lifestyle and physical activity also play important roles in 
the attainment of peak bone mass. These changes in life style and the other personal habits 
as do aging, lack of exercise, obesity, and reduced sun exposure, strongly affect the levels of 
vitamin D in the body reported in this population group.
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CHAPTER 4
IMPACT OF AGE AND GENDER ON 
VITAMIN D STATUS, MARKERS OF 
CALCIUM AND BONE METABOLISM 
AND NUTRITIONAL STATUS
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4.1 Introduction
Vitamin D has important biological functions and is essential for bone growth and bone 
health. Homeostasis ensures the maintenance of appropriate extracellular calcium and 
phosphorus concentrations. 7-dehydrocholesterol in the skin can be converted into vitamin 
D3 by ultraviolet B radiation, such as that in sunlight. Subsequently, vitamin D3 is 
hydroxylized in the liver to 250H D and then hydroxylized in the kidney to l,25(OH)2 D, 
which is the bioactive form of vitamin D. This form of vitamin D enhances the efficiency of 
intestinal absorption of dietary calcium and phosphorus and also enhances the mobilization 
of calcium stores in bones.
Serum 250H D may help serum parathyroid hormone (PTH) and other factors involved in 
bone health to be maintained at threshold concentrations; therefore, PTH plays a key role in 
maintaining calcium and vitamin D homeostasis. When the levels of 250H D fall, serum 
calcium levels decrease as well, this in turn increases PTH secretion. The latter stimulates 
the hydroxylation of 250H D to l,25(OH)2D in the kidney.
1,25(0H)2 D binds to vitamin D receptors in the intestinal wall and stimulates the synthesis 
of calcium-binding proteins. The result is increased transport of dietary calcium across the 
intestinal wall. When dietary calcium is too low to meet the body’s requirement for calcium, 
1,25(0H)2 D, in combination with PTH, acts on the bone to release calcium from the matrix 
into the blood stream. This process involves the stimulation of maturation of the bone 
resorption cells, osteoclasts, which are responsible for breaking down hydroxyapatite, a 
calcium phosphate crystal, thus releasing calcium into the blood. Further, l,25(OH)2 D, 
along with PTH, also acts in the kidney to conserve calcium and increase phosphorus 
excretion. The end result of these reactions is an increased serum calcium level (Kass- 
Wolff, 2004).
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4.2 .Defining vitamin D status
Vitamin D is an important determinant of bone health, but there is no agreement concerning 
the definition of optimal vitamin D status. Vitamin D status has been defined as follows: an 
adequate level of vitamin D for healthy adults is 75-200 nmol/L, hypovitaminosis D is 50-75 
nmol/L and vitamin D insufficiency is 25-50 nmol/L. Vitamin D deficiency is defined as < 
25 nmol/L, while a level of vitamin D > 250 nmol/L is considered to be a toxic level 
(Gregory et al., 2000).
Vitamin D deficiency can be categorized into three stages:
Stage I: The 250H D level decreases, resulting in hypocalcemia and phosphatemia; the 
1,250H2 D level may increase or remain unchanged.
Stage II: The 250H D level continues to decrease; PTH acts to maintain calcium via bone 
demineralization; the patient remains eucalcemic and hypophosphatémie; there is a slight 
increase in the skeletal alkaline phosphatase level.
Stage III: Severe 250H D deficiency results in hypocalcemia, hypophosphatemia and 
increased alkaline phosphatase levels; secondary hypothyroidism; bones have overt signs of 
demineralization (Gartner et al., 2003).
4.3 Principal aims
The principle aims of this chapter were as follows:
• To determine the extent of hypovitaminosis D in a cohort of Saudi Arabian boys and 
girls and to calculate the percentage of boys and girls with vitamin D levels below the 
cutoffs value for deficiency and insufficiency.
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• To assess the levels of the following: vitamin D status, PTH, calcium, albumin, 
magnesium, phosphorus. To use these data to determine the extent of hypovitaminosis D 
in boys and girls according to age group and pubertal status.
• To determine the prevalence of bone pain (peripheral pain and neck, shoulder, chest and 
back pain) in each of the four groups (i.e. pre- and post-pubertal boys and girls) and to 
determine if there is an association between low 25OH D status, bone pain, fracture 
occurrence and family history of fracture.
• To investigate the relationship between 250H D status in children and adolescents 
whose mothers used vitamin D and calcium supplementation during pregnancy and the 
history and duration of breast feeding.
4.4 Study Design
4.4.1 Subject selection
Subject recruitment details can be found in Section 2.1. The study included a total of 300 
school children aged 6-18 years in Jeddah, Saudi Arabia. There were 150 boys and 150 girls. 
None of the subjects suffered from any condition or were taking any medicine that was 
likely to affect their bone metabolism.
4.4.2 Methodology
The detailed methods used to determine 250H D status was described in Chapter 2 with 
section 2.8. In brief, we used the Elecsys 250H D assay, which is a direct 
electrochemiluminescence immunoassay for use with human serum or plasma samples. This 
is a competitive assay in which the binding protein, vitamin D, is inactivated during 
incubation. The assay employs a polyclonal antibody directed against 250H D to determine 
levels of the protein.
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4.4.3 .Statistical analysis
Data are reported as means [standard deviations, SD]. Data were analyzed with a 1-factor 
analysis of variance (ANOVA) with factors such as age group and pre- and post-pubertal 
status. A chi-square test was performed for categorical variables. The Pearson/Spearman 
rank tests were used for correlation analysis when necessary. For dichotomous dependent 
variables, we used point biserial correlation. P values <0.05 were considered significant. The 
data were analyzed using the SPSS statistical package (Version 19, 2010, Chicago, IL, 
USA).
4.5 Results
4.5.1 250HD status according to age and gender
Table.4.1 shows the mean [SD], median, minimum and maximum values of serum 
concentrations of 25OH D in the subjects and the significance according to differences in 
age and gender. The serum concentration varied widely in boys and girls and in the different 
age groups.
The overall mean 250H D level in boys, 55 [13.8] nmol/L, was significantly higher than 
that in girls, 32.7 [10.7] nmol/L. The subjects were divided into four groups based on age: 6 - 
9 years, 10-12 years, 13-14 years and 15-18 years, and each subgroup were further divided 
into boys and girls. Boys aged 6-9 years and 10-12 years had significantly higher 250H D 
levels than their female counterparts (P<0.05). There were no significant differences 
between boys and girls in the other two subgroups
The children were grouped according to pubertal status into pre- and post-pubertal groups. 
The mean [SD], median, minimum and maximum values of serum concentrations of 250H 
D in the subjects and the significance according to age and gender and according to pubertal 
status are shown in Table 4.2.
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Table 4. 2 shows the mean 250HD levels according to pubertal status. There were no 
statistically significant differences in the concentrations of 250H D in post-pubertal boys, 
and there was a significant difference between the levels in pre- and post-pubertal girls 
(P<0.05). Overall, the measurements for boys and girls were similar.
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4.5.2 Prevelance of vitamin D insufficiency and 250H D status cutoff 
values
The circulating concentrations of 250H D were measured in all subjects. We 
grouped the subjects by age and by 250H D status. We used the following 
definitions for our analysis: severe deficiency, 250HD < 25 nmol/L; deficiency, 
25OH D < 40 nmol/L; insufficiency, 250H D < 50 nmol/L; suboptimal, 250H D 
<75 nmol/L; and satisfactory, 250H D > 75 nmol/L. The percentages of boys and 
girls according to 250H D status are shown in Table 4.3. A total of (63.6%) of the 
older girls (15-18 years) had severe deficiency, whereas just 31% of the girls aged 
13-14 years, (26.3%) of girls aged 10-12 years and (2.5%) of girls aged 6-9 years 
showed severe deficiency. No boys had severe deficiency.
The cutoff value for vitamin D deficiency was 250H D<40 nmol/L, and deficiency 
was found in 36.4% of girls aged 15-18 years, (57.1%) of girls aged 13-14 years, 
56.1% of girls aged 10-12 years and (45%) of girls aged 6-9 years. Deficiency was 
found in (26.3%) of boys aged 15-16 years, in 40% of boys aged 13-14 years, in 
(37.3%) of boys aged 10-12 years and in only (7.1%) of boys aged 6-9 years. 
Insufficient vitamin D status levels, i.e. 250H D<50 nmol/L, were found in 80% of 
girls aged 6-9 years and in (28.6%) of boys in that age group. Insufficiency was also 
found in (98.2%) of girls aged 10-12 years and in (97.6%) of girls aged 13-14 years; 
the corresponding percentages of boys with vitamin D insufficiency were 40.9% and 
60%, respectively. The analysis of serum 250H D status according to pubertal status 
is shown Table 4.4. While (1.9%) of pre-pubertal and (35.3%) of post-pubertal girls 
had vitamin D levels below 25 nmol/L (severe deficiency), no pre- or post-pubertal 
boys had levels below 25 nmol/L.
Comparing the percentages of girls and boys with vitamin D insufficiency (vitamin 
D levels below 50 nmol/L) according to pubertal status, we found that vitamin D 
insufficiency in pre- and post-pubertal girls (82.4% and 99%, respectively) was 
almost double that in boys (41.6% and 46.85%, respectively).
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4.5.3 Vitamin D status, markers of calcium metabolism and boue profile
This cross-sectional study included 300 school children 6-18 years of age (150 boys and 150 
girls). Table 4.5 and Table 4.6 show the descriptive values for 250H D status, calcium 
levels and bone profile as mean [SD]. Differences in the mean values according to gender 
and age group were examined using ANOVA. The serum concentration of 250H D differed 
according to gender and age. Figures 1, 2, 3 and 4 show the mean values for 250H D and 
PTH in the different age groups of boys and girls. The levels of calcium, albumin, 
phosphorus, magnesium and PTH were reported according to age group. Table 4.5 shows 
the vitamin D status, markers of calcium metabolism and bone profile values in boys and 
girls (n=300) according to age group.
The mean calcium level in boys, which were analyzed according to age group, ranged from 
2.26 [0.063] to 2.28 [0.0728] mmol/L; there was a significant difference in the mean values 
for boys aged 7-9 years vs. boys aged 10-12 years and between boys aged 13-14 years vs. 
boys aged 15-16 years. In contrast, the mean calcium levels were almost the same (no 
significant differences) in girls in the different age groups, and these levels ranged from 2.3 
[0.06] to 2.3 [0.1] mmol/L.
The albumin, phosphorus and magnesium levels were compared in boys and girls in the four 
age groups. The highest mean values for albumin, phosphorus and magnesium, respectively, 
in all four age groups were 47.9 [2.02] g/L in girls aged 15-18 years, 1.66 [0.15] mmol/L in 
girls aged 6-9 years and 1.02 [0.061] mmol/L in girls aged 15-18 years. There were 
significant differences in the mean albumin and phosphorus levels between boys and girls in 
all of the age groups. There was no significant difference in the magnesium levels between 
boys in different age groups; however there was a clear difference in the magnesium levels 
in girls aged 6-9 years vs. girls aged 15-18 years.
There was no significant difference in the mean PTH level in boys in different age groups, 
and the values ranged from 4.5 [2.0] to 6.1 [4.4] pmol/L. However, there was a significant 
difference in the mean PTH levels in boys compared to girls in the corresponding age
173
groups. Table 4.6 shows that there were significant differences between boys and girls 
according to estimated pubertal status for albumin, phosphorus, magnesium and PTH levels. 
There was no difference between pre- and post-pubertal boys and girls in terms of calcium 
levels.
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4.5.4 .Association between 250HD status, PTH and calcium and age
In this study, we examined the correlation between PTH concentration, 250H D levels and 
age. Table 4.7 and Figure 4.5 show that there were no significant correlations between 
250H D status, PTH and calcium in the boys, while there were significant inverse 
correlations between 25OH D status and PTH and calcium (r =-0.467 and r= -0.248, 
respectively; P<0.001) in the girls. There was also a significant negative correlation between 
PTH and calcium (r= -0.279; P<0.001).
When we analyzed the relationship between PTH concentration, 250H D levels and calcium 
in boys and girls according to age, we did not find differences between the age groups for 
boys. Table 4.8 shows the significant inverse correlation between 250H D status and PTH 
between age groups for girls (r = -0.464; P<0.003) and the positive correlation between 
250H D and calcium (r= 0.338; P<0.033) in girls aged 7-9 years. In girls aged 10-12 years, 
250H D showed a significant inverse correlation with PTH (r =-0.434; P<0.001), 250H D 
showed a positive association with calcium (r =0.443, P<0.001) and PTH showed a 
significant negative correlation with calcium (r squared = -0.477; P<0.000). In girls aged 13- 
14 years, we found a significant negative correlation between 250H D and PTH (r =-0.421; 
P<0.006). In girls aged 15-18 years, there were no significant correlation between 250H D, 
PTH and calcium, but there was a significant negative correlation between PTH and calcium 
(r=-0.745; P=0.008).
Table 4.9 shows the correlation estimates for these measurements according to estimated 
pubertal status. We found negative and positive correlations, respectively, between 250H D 
and PTH levels in pre- and post-pubertal boys. In contrast, when we analyzed the boys 
according to age, we did not find any correlations. In pre-pubertal boys, 250H D was 
negatively correlated with PTH (r= -0.213; P<0.021), while the correlation was positive in 
post-pubertal boys (r =0.495; P=0.004). The results showed logic controversial between age 
groups. The data showed positive and negative correlations, respectively, for 250H D and 
PTH levels in pre- and post-pubertal girls. In pre-pubertal girls, the correlation between 
250H D status and PTH level was highly inverse (r =-0.343; P<0.001), and this was also
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true for PTH and calcium levels (r =-0.457; P=0.003). In contrast, the PTH level was 
positively correlated the calcium level (r =0.297; P=0.003).
Table 4.7. Correlation coefficients for 250H  D status, PTH and calcium for schoolchildren (n=300) 
according to gender.
Spearman correlation 
coefficient r
Boys Girls
2 5 0 H D
(nmole/L)
PTH
(p/mol)
Calcium
(mmole/L)
250H D
(nmole/L)
PTH
(p/mol)
Calcium
(mmole/L
)
2 5 OH D (nmoI/L) 1.000 -0.070 -0.122 1.000 -0.467" 0.248"
Sig . &392 0.137 0.000 0.002
PTH (p/mol) -0.070 1.000 0.005 -0.467" 1.000 -0.279"
Sig 0J92 0.951 0.000 0.001
Calcium (mmol/L) -0.122 0.005 1.000 0.248" -0.279" 1.000
Sig 0.137 0.951 0.002 0.001
^^Correlation was considered significant at P< 0 .0 1.
A
30.00-
“  20 .00-
A  A
A Linear = 0.122
10 .00-
A
A A
0 .00 -
0.00 20.00 40.00 60.00 100.0080.00
250H  D status
Figure 4.5. Correlation between 250H D status and PTH levels in schoolchildren (n=300).
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Table 4.8. Correlation coefficients for 250H D status, PTH and calcium in girls (n=150) according to
age.
Age group Spearman correlation 
coefficient
250HD
(nmole/L)
PTH
(p/mol)
Calcium
(mmol/L)
7-9 years 
(n=40)
250H D (nmol/L) 1.000 -0.464" .338'
Sig 0.003 0.033
PTH (p/mol) -0.464" 1.000 -0.040
Sig 0.003 0.808
Calcium (mmole/L) 0.338' -0.040 1.000
Sig 0.033 0.808
10-12 years 
(n=57)
250HD (nmol/L) 1.000 -0.434" 0.443"
Sig 0.001 0.001
PTH (p/mol) -0.434" 1.000 -0.477"
Sig 0.001 0.000
Calcium (mmole/L) 0.443" -0.477" 1.000
Sig 0.001 0.000
13-14 years 
(n=42)
250HD (nmol/L) 1.000 -0.421" 0.157
Sig 0.006 0.320
PTH (p/mol) -0.421" 1.000 -0.290
Sig 0.006 .062
Calcium (mmole/L) 0.157 -0.290 1.000
Sig 0.320 0.062
15-18 years 
(n= ll)
250HD (nmol/L) 1.000 0.391 -0.036
Sig 0.235 0.915
PTH (p/mol) 0.391 1.000 -0.745"
Sig 0.235 0.008
Calcium (mmol/L) -0.036 -0.745" 1.000
Sig 0.915 0.008
‘Correlation was considered significant at P< 0.01. 
‘Correlation was considered significant at P<0.05.
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Table 4.9. Correlation coefficients for 250H D status, PTH and calcium in school children (n=300)
according to gender and pubertal status.
Pubertal group Spearman correlation 
coefficient
250HD
(nmol/L)
PTH
(p/mol)
Calcium
(mmol/L)
Pre-pubertal boys
(n=118) 
(7-12) years
250H D  (nmol/L) 1.000 -0.213* -0.121
Sig .021 .192
PTH (p/mol) -0.213* 1.000 .042
Sig .021 .651
Calcium (mmole/L) -0.121 .042 1.000
Sig .192 .651
Post-pubertal boys)
(n=32) 
(13-16) years
250H  D (nmol/L) 1.000 0.495** -0.213
Sig 0.004 0.241
PTH (p/mol) 0.495** 1.000 -0.140
Sig 0.004 0.444
Calcium (mmole/L) -0.213 -0.140 1.000
Sig 0.241 0.444
Pre-pubertal girls
(n=51) 
(6-13) years
25 OH D (nmol/L) 1.000 -0.433** 0.240
Sig .001 0.090
PTH (p/mol) -0.433** 1.000 0.094
Sig 0.001 0.513
Calcium (mmole/L) 0.240 0.094 1.000
Sig 0.090 .513
Post-pubertal girls 
(n=99) 
(10-13) years
250H D  (nmol/L) 1.000 -0.343** 0.297**
Sig .001 0.003
PTH (p/mol) -0.343** 1.000 -0.475**
Sig 0.001 0.000
Calcium (mmole/L) 0.297** -0.475** 1.000
Sig 0.003 0.000
‘Correlation was considered significant at P< 0.01.‘Correlation was considered significant at P< 0.05.
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4.5.5 Relationship between 250H D, albumin, phosphorus and magnesium 
levels
We performed measurements in 300 school children aged 6-18 years in Jeddah, Saudi 
Arabia. There were 150 boys and 150 girls. When we analyzed the relationships between 
vitamin D and other bone profile markers (albumin, phosphorus and magnesium), we found 
no correlations according to age group; the exception was 250HD, which showed a 
significant inverse relationship with magnesium and phosphorus (r =-0.416 and P<0.002; r 
=-0.367 and P<0.017, respectively) in 13-14 year old boys and girls. Albumin showed a 
significant positive correlation with 250H D (r =0.664; P<0.026) in girl aged 15-18 years 
old.
In contrast, when we analyzed the data in children grouped according to pubertal status, 
there were no significant correlations between 250H D and albumin, phosphorus or 
magnesium except in post-pubertal girls. In this age group, phosphorus had a significant 
positive correlation with 25OH D status (r =0.238; P=0.006).
4.5.6 .Relationship between 250HD status and bone pain
We used scatter diagrams, point biserial correlation and binary logistic regression to look at 
the relationship between 250HD status and the prevalence of bone pain (peripheral, neck, 
shoulder, chest and back). We found no significant correlations; further, the r square in the 
binary logistic regression model was very low. Thus, there was no relationship between 
bone pain (peripheral, neck, shoulder, chest and back) and 250H D status in our cohort of 
boys and girls according to age or pubertal status.
4.5.7 .Relationship between 250HD status and bone fracture
Table 4.10 shows the percentage of boys and girls who reported bone fracture according to 
gender and age. As expected, the percentage of children reporting fractures increased with 
age in both gender groups. A total of (4.8%) of the youngest boys and (20%) of the youngest 
girls (aged 7-9 years) reported fractures; this increased with age, with (26.3%) of the oldest
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boys and (72.7%) of the oldest girls (aged 15-18 years) reporting fractures. Thus, a higher 
percentage of girls of all ages reported fractures. These data are shown in Table 
4.11 according to pubertal status. There was a significant difference between the percentage 
of pre- and post-pubertal boys and girls reporting fractures (P<0.001), and post-pubertal 
girls reported the highest percentage of fractures, which was (51.5%). The percentage of 
post-pubertal boys and pre-pubertal girls reporting fractures was almost the same, (- 2 2 %).
Next, we used point biserial correlation and binary logistic regression to investigate whether 
there was an association between 250H D status and history of bone fracture (fracture of the 
leg, arm or wrist). We found that the relationship between 250H D status and fracture was 
stronger in girls than in boys Tables 4.12and 4.13. Point biserial correlation analysis showed 
a significant negative correlation between 250H D status and history of bone fracture in all 
four age groups for boys [r = -0.369, -0.372, -0.578 and -0.720, respectively; P<0.05] and in 
all four age groups for girls [r = -0.569, -0.819, -0.857 and -0.775, respectively; P<0.001]. 
We also found a significant (P<0.001) inverse relationship between 250H D status and 
history of bone fracture according to pubertal group in both boys and girls. The r values for 
pre- and post-pubertal girls were [r = -0.635 and r = -0.861], respectively, and the r values 
for pre- and post-pubertal boys were [r = -0.466 and r = -0.602], respectively. The binary 
logistic regression model had a reasonable r square value, indicating that the model is good 
at predicting bone fracture (i.e. high percentage of correct classification). Odds ratios, which 
reflect the strength of the relationships between 250H D status and probability of fracture 
[Exp(b)], are shown in Tables 4.14 and 4.15 for boys and girls according to age group and 
pubertal status.
From the model summary, we determined the Cox and Snell R square, which describes the 
pseudo R square and which suggests that the percentage of girls with fracture was greater 
than the percentage of boys according to age group and pubertal status. Overall, we found 
with the classification table that the percentage of correct guesses for the number of cases 
with bone fractures in the different categories; the Exp (b) odds ratios were determined
183
according to (Tabachnick., 2007). The odds ratios represent the change in odds of being in 
one of the categories when the value of the predictor increases by one unit.
Table 4.10. Percentage of school children (n=300) reporting bone fractures according to gender and age.
Bone fracture 
(No/Y es)
Boys n=150 Girls n=150
7-9
years
(n=42)
10-12
years
(n=59)
13-14
years
(n=30)
15-16
years
(n=19)
6-9
years
(n=40)
10-12
years
(n=57)
13-14
years
(n=42)
15-18 
years 
(n= 11)
%No 95.2% 94.9% 76.7% 73.7% 80% 61% 43% 27.3%
%Yes 4^% 5T% 219% 26996 20% 38% 57% 72.7%
Table 4.11. Percentage of school children (n=300) reporting bone fractures according to gender and 
pubertal status.
Bone fracture 
(No/Y es)
Boys n=150 Girls n=150
Pre-pubertal boys
(n=118) 
(7-12) years
Pre-pubertal boys
(n=118) 
(7-12) years
Pre-pubertal boys
(n=118) 
(7-12) years
Pre-pubertal boys
(n=118)
(7-12) years
%No 91.596 78% 784% 48996
%Yes 89% 22% 21.696 51.596
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Table 4.12. Correlation between 250H D status and history of bone fracture in school children (n=300)
according to gender and age.
point biserial 
correlation r
Boys n=150 Girls n=150
7-9 years 
(n=42)
10-12
years
(n=59)
13-14
years
(n=30)
15-16
years
(n=19)
6-9
years
(n=40)
10-12
years
(n=57)
13-14
years
(n=42)
15-8
years
(n = ll)
Rpb -0.369* -0.372* -0.578** -.720** -.569** -0.819** -0.857** -0.775**
Sig 0.016 0.004 0.001 0.001 0.000 0.000 0.000 0.005
“ Correlation was considered significant at 0.01 (2-taiIed).
‘Correlation was considered significant at 0.05 (2-tailed).
Table. 4.13.Correlation between 250H D status and history of bone fracture in school children (n=300) 
according to gender and pubertal status.
point
biserial
correlation
r
Boys n=150 Girls n=150
Pre-pubertal
(n=118)
(7-12) years
Post-pubertal
(n=32)
(13-16) years
Pre-pubertal
(n=51)
(6-13) years
Post-pubertal
(n=99)
(10-18) years
Rpb -0.466** -0.635** -0.602** -0.861**
Sig 0.000 0.000 0.000 0.000
‘Correlation was considered significant at 0.01 (2-tailed).
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Table 4.15. Binary logistic regression analysis of 250H D status and history of bone fracture in school 
children (n=300) according to gender and estimated pubertal status.
Binarylogistic
regression
Boys n=150 Girls n=l 50
Pre-pubertal (n=l 18) 
(7-12) years
Post-pubertal (n=32) 
( 13-16)y ears
Pre-pubertal (n=51 ) 
(6-13) years
Post-pubertal (n=99) 
(10-18) years
Cox & Snell 
R Square
0.325 0. 438 0.423 0.712
Predicted 
percentage correct 
(%)
95 90 90 96
Exp(B) 0.613 0.73 0.646 0.213
Sig. 0.001 0.019 0.001 0.005
4.5.8 Correlation between 250H D status in mothers who used vitamin D 
and calcium supplementation during pregnancy and lactation
As shown in Table 4.16, there was a difference between the older and younger boy’s age 
groups in terms of the percentage of mothers who used vitamin D and calcium 
supplementation during pregnancy and lactation. The same trend was also seen in girls. A 
higher percentage of boys’ mothers than girls’ mothers used vitamin D and calcium 
supplementation. When these data were analyzed according to estimated pubertal status, as 
shown in Table 4.17, there was a difference between the percentage of boys’ mothers and 
girls’ mothers who used vitamin D and calcium supplementation, with lower 
supplementation rates in the mothers of older boys and girls.
Next, we used scatter diagrams, point biserial correlation and binary logistic regression to 
investigate the association between 250HD status and mothers’ use of vitamin D and 
calcium supplementation during pregnancy and lactation. We found significant correlations
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according to age group and pubertal status in both boys and girls. Specifically, point biserial 
correlation showed a significant positive relationship between 250H D status with mothers’ 
use of vitamin D and calcium supplementation during pregnancy and lactation (P<0. 01) in 
every age group for boys and girls except for the group of 15-18 year old girls. In the latter 
group, no significant correlation was found. As shown in Tables 4.18 and 4.19, we also 
found a significant positive relationship (P<0. 01) in both boys and girls according to 
pubertal status. The positive relationship was stronger in pre- and post-pubertal girls (r = 
0.575 and r = 0.720, respectively) than in pre- and post-pubertal boys (r = 0.651 and r = 
0.710, respectively).
The binary logistic regression model had a reasonable r square value, indicating that the 
model is good at predicting of mothers who used vitamin D and calcium supplementation 
during pregnancy and lactation. The strength of the relationships between 250H D status 
and the probability of mothers who used vitamin D and calcium supplementation during 
pregnancy and lactation [Exp (B)] are shown in Tables 4.20 and 4.21 in our cohort of boys 
and girls according to age or pubertal status.
Table 4.16. Percentage of mothers of 300 children who used vitamin D and calcium supplementation 
during pregnancy and lactation analyzed according to the child’s gender and estimated pubertal status.
Maternal use of 
250H D and 
calcium 
supplementation 
during pregnancy 
and lactation
(No/Y es)
Boys n=150 Girls n=150
7-9
years
(n=42)
10-12
years
(n=59)
13-14
years
(n=30)
15-16
years
(n=19)
6-9 years 
(n=40)
10-12
years
(n=57)
13-14
years
(n=42)
15-18
years
(n=ll)
%No 14.3% 17% 36.7% 36.8% 25% 58% 64.3% 90.9%
% Y ^ 85.7% 83% 63.3% 63.2% 75% 42% 3^7% 9T96
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Table 4.17. Percentage of mothers of 300 school children who used vitamin D and calcium 
supplementation during pregnancy and lactation analyzed according to the child’s gender and estimated 
pubertal status.
Maternal use of vitamin D and 
ealcium supplementation during 
pregnancy and lactation (No/Yes)
Boysn=150 Girls n=150
Pre-pubertal
(n=118)
(7-12) years
Post-pubertal
(n=32)
(13-16) years
Pre-pubertal
(n=51)
(6-13) years
Post-pubertal
(n=99)
(10-18) years
%No 21.2% 28% 259% 67.7%
78.8% 72% 749% 32996
Table 4.18. Correlation between the 250HD status of 300 school children and their mothers’ use of 
vitamin D and calcium supplementation during pregnancy and lactation analyzed according to the 
child’s gender and age.
point biserial 
correlation r
Boys n=150 Girls n=150
7-9
years
(n=42)
10-12
years
(0=59)
13-14
years
(n=30)
15-16
years
(n=19)
6-9
years
(n=40)
10-12
years
(0=57)
13-14
years
(n=42)
15-18
years
(o=ll)
Rpb Use of 
Ca/250H D 
supplement during 
pregnancy and 
lactation: l=yes, 
0=no
0.550** 0.594** 0.811** 0.777** 0.545** 0.734** 0.752** 0.500
Sig 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.117
**Correlation was considered significant at 0.01 (2-tailed).
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Table 4.19. Correlation between the 250H D status of 300 school children and their mothers’ use of 
vitamin D and calcium supplementation during pregnancy and lactation analyzed according to the 
child’s gender and estimated pubertal status.
point biserial correlation rr
Boys n=150 Girls n=150
Pre-pubertal
(n=118)
(7-12) years
Post-pubertal
(n=32)
(13-16) years
Pre-pubertal
(n=51)
(6-13) years
Post-pubertal
(n=99)
(10-18) years
Rpb Use of
Ca/250H D supplement during 
pregnancy and lactation; 1= yes,
0 = no
0.651** 0.749** 0.575** 0.720**
Sig 0.000 0.000 0.000 0.000
**Correlation was considered significant at 0.01 (2-tailed).
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Table 4.21. Binary logistic regression analysis of the 250H D levels of 300 school children and their 
mothers’ use of vitamin D and calcium supplementation during pregnancy and lactation analyzed 
according to the child’s gender and estimated pubertal status.
Binary logistic 
regression
Boys n=150 Girls n=150
Prc-pubcrtal
(n=118)
(7-12) years
Post-pubertal
(n=32)
(13-16) years
Prc-pubcrtal
(n=51)
(6-13) years
Post-pubertal
(n=99)
(10-18) years
Cox & Snell R 
Square
0.325 0.438 0.423 0.712
Predicted percentage 
correct, %
95 90 98 96
Exp(B) 0.613 0.737 0.646 0.213
Sig. 0.001 0.019 0.001 0.005
4.5.9 .Effect of breast feeding duration on 250H D status
We used scatter diagrams, point biserial correlation, and binary logistic regression to 
investigate the relationship between 250H D status and duration of breast feeding. We did 
not find any significant correlations, and the binary logistic regression model had a very low 
r square. This indicated that there was no relationship between 250H D status and breast 
feeding duration in any of the subgroups groups.
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4.5.10 Association between 250H D status, bone fracture and vitamin D 
and calcium supplementation during pregnancy and lactation
As shown in Table 4.22, we compared the mean 250H D levels according to age group for 
children who did/did not report fractures and whose mothers did/did not use calcium 
supplementation during pregnancy and lactation. The mean 25OH D levels were 
significantly different (P<0.001) in the different age groups, as determined using the 
independent samples (t test). Of particular note was the finding that the 25OH D levels in 
oldest girls were almost (50%) lower than levels in girls who reported no fractures. In 
addition, the 25OH D status was low in girls and boys whose mothers reported that they did 
not take a calcium and vitamin D supplement during pregnancy and lactation. Table 4.23 
shows the results according to pubertal status rather than according to age. The results 
remained significant.
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Table 4.23. 250H D levels of school children (n=300) who did/did not have fractures and whose mothers 
did/did not use calcium supplementation during pregnancy and lactation according to gender and 
estimated pubertal groups.
Estimated
pubertal
group
Mean [SD] Yesfracture No fracture Sig level
Mothers used 
vitamin D and 
calcium 
supplement
Mothers did not 
use vitamin D and 
calcium 
supplement
Sig level
Pre-pubertal
boys
(n=118)
250H D 35.5 [5.6]= 58 [12.9f 0.000** 60.3 [12.4] 40.6 [1.3] 0.000**
Post-pubertal 
boys (n=32) 250H D 36.3 [7.5]= 54.5 [9 .7f 0.000** 55.9 [9.0] 36.8 [5.6] 0.000**
Pre-pubertal 
girls (n=51) 250H D 30.6 [4.7]= 43.1 [7.9]*’ 0.000** 43.3 [7.9] 31.8 [5.7] 0.000**
Post-pubertal 
girls (n=99) 250H D 21.3 [5.4]= 36.8 [5.3]*’ 0.000** 37.8 [4.6] 24.5 [7.9] 0.000**
“'^Mean values within a row with unlike superscript letters were significantly different within the different categories (ANOVA, P<0.05; 
Kruskal-Wallis test, P<0.01). ‘sig level P<0.005, “  sig level P<0.05.
4.5.11 .Multilinear regression analysis of bone profile and PTH
Using regression analysis, we examined multiple variables that might affect 250H D status, 
namely serum calcium, serum albumin, serum phosphorus, serum magnesium and serum 
PTH. We analyzed the data separately for boys and girls in order to find regression models 
that showed which variables had important effects on 250H D status. Unfortunately, no 
good model emerged for the boys. While PTH and phosphorus levels were related to 250H 
D status in girls, the multiple correlation coefficient r square was small (r = 0.25). Therefore, 
we analyzed the data using multilinear regression for all subjects (boys and girls). Table
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4.24 shows the effect of PTH, phosphorus and magnesium on 250H D status. PTH was 
associated with an increase in 250HD levels (0.188), and phosphorus and magnesium were 
also associated with increases (4.17 and 13.9, respectively; P<0.001).
250H D status = 14.6 + 0.188 x PTH + 4.179 x phosphorus + 13.89 x magnesium.
Model was considered significant at P<0.001
Multiple correlation coefficient R square = 0.19
Table 4.24. Regression coefficients for PTH, phosphorus, and magnesium levels in school children boys 
and girls (n=300).
Model R square
Unstandardized
coefficients
Standardized
coefficients
Sig.
B Std. Error Beta
1 (Constant) 51.953 1.550 0.000
0.12 -0.349
PTH -1.228 0.191 0.000
2 (Constant) 22.736 6.974 0.001
-0.339
PTH 0.17 -1.194 0.186 0.000
0.227
Phosphorus 18.099 4.218 0.000
3 (Constant) 14.603 14.603 0.000
-0.310
PTH 0.188 0.188 0.000
0.19 0.232
Phosphorus 4.179 4.179 0.000
-0.142
Magnesium 13.892 13.892 0.008
a. Dependent variable: 250H D level
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4.6 Discussion
Vitamin D deficiency is widespread and has become a major health problem worldwide. The 
health impact of vitamin D deficiency is so great that many countries are actively working to 
alleviate its incidence and consequences. The governments of Arab Gulf countries, 
especially Saudi Arabia, are very concerned about vitamin D deficiency, which greatly 
affects Arab children, pregnant women and lactating mothers.
Hypovitaminosis D is associated with serum 250H D values below 25 nmol/L. This 
condition is characterized by bone disease (either rickets or osteomalacia) and is 
distinguished by weakened bone mineralization. More recently, the term ‘vitamin D 
insufficiency’ has been used to indicate low levels of 250H D that may be associated with 
other disease outcomes. Vitamin D deficiency is defined as a serum level of 250H D less 
than 25 nmol/L, insufficiency is defined as levels between 27.5-50 nmol/L and 75 nmol/L is 
sometimes used to define optimal vitamin D status. However, these definitions are not 
universally accepted. In November 2010, the US Institute of Medicine published its 
recommendations for vitamin D. Those recommendations defined a 250H D level of 50 
nmol/L as being sufficient for good health.
The results of our study clearly showed that the serum level of 25OH D was significantly 
higher in boys than in girls (P<0.001) and that it varied according to age and estimated 
pubertal status. A total of (12%) of all children had 250H D levels less than 25 nmol/L. 
strikingly, all of these were girls. At the other end of the spectrum, (8 %) of subjects had 
250H D levels above 75 nmol/L, and there was only 1 boy in this category. A study 
conducted in Jeddah, Saudi Arabia by Siddiqui & Kamfar (2007) of 433 girls aged 12-15 
years showed that 81% had 250H D levels less than 25 nmol/L, while 40% had levels less 
than 12.5 nmol/L (Siddiqui and Kamfar., 2007). Another study reported that 15% of 414 
Iranian girls aged 11-15 years had 250H D deficiency, i.e. levels below 25 nmol/L (Dahifar 
et al., 2007). In the United States, a study by Francis et al. of 382 healthy children and 
adolescents aged 6-21 showed that (55%) had 250H D levels below 25 nmol/L. The inverse
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relationship of vitamin D status with age during childhood and adolescence has not been 
widely reported.(Weng et al., 2007). In Finnish, (32%) of 193 girls aged 10-12 years old had 
250H D levels below 25 nmol/L, and 64% had insufficient 25OH D (26-40 nmol/L). 
(Cheng et al., 2003). Other study in Finland, one hundred seventy-eight healthy female 
adolescents (aged 14-16 y) reported higher percentages of vitamin D deficiency than we 
found in this study (Outila et al., 2001).
The prevalence study looked at the effect of 250H D status on PTH and calcium 
metabolism. It found that vitamin D deficiency leads to secondary hyperparathyroidism, and 
there are facts that even individuals with serum 25OH D levels less than 50 nmol/L showed 
increased serum PTH levels (Malabanan et al., 1998).
In addition, that analysis found that 250H D had a significant inverse correlation with PTH 
(P<0.001). In the current study, we observed that there was a gradual continuous increase in 
serum PTH levels as 250H D levels decreased.
Our study found that in boys, the PTH levels ranged fi*om 4.5 [2.0] to 6 .1 [4.4] pmol/L and 
that there were no significant differences in PTH levels in boys in different age groups. 
However, there were significant differences in PTH levels between age groups for girls. 
Analysis of the data according to estimated pubertal status found a significant difference in 
the PTH levels between pre- and post-pubertal boys and girls. A study by Stewen et al. 
(2005) of 50 boys and 50 girls showed that low levels of 250H D are associated with 
increased PTH during peak pubertal growth and bone formation (Abrams et al., 2005). An 
inverse association between PTH and 25OH D was reported in adolescents in a study 
conducted in Boston (United States); in that study, (42%) of the adolescents had 25OH D 
levels below 40 nmol/L.(Gordon et al., 2004)
Calcium is considered to be an important nutrient in the body, it is found in body fluids and 
tissues, and its deposition in bone indicates the rate of growth. If children have adequate 
calcium intake, they attain optimal bone mass. Calcium is especially important for
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attainment of peak bone mass in children and adolescents. If their diets have insufficient 
amounts of calcium, the children will have low bone mineral density (Ross et al., 2011).
Serum calcium levels play a vital role in maximizing bone mineralization and the levels 
depend, to some extent, on adequate levels of vitamin D. Our study found no significant 
correlation between 250H D with PTH and calcium in the boys according to age group, but 
there was a significant inverse correlation between 250H D and PTH and a positive 
correlation between 250H D and calcium in girls.
Hypovitaminosis hinders absorption of dietary calcium and results in skeletal mineralization 
deficiency and secondary hyperparathyroidism (Harkness and Cromer, 2005).
Hypovitaminosis causes nutritional rickets, but new data identifies insufficient dietary 
calcium intake as a key causative factor in rickets, mainly in tropical countries. That study 
did not find an association between 25OH D and calcium absorption in children who had 
low-calcium diets (Thacher and Abrams, 2010). Interestingly, children and adolescents with 
rickets and osteomalacia who are vitamin D deficient usually have normal serum calcium 
concentrations. However, low serum calcium concentrations are not the direct cause of 
rickets and osteomalacia. Hypovitaminosis D causes secondary hyperparathyroidism, which 
leads to elevated levels of PTH. The elevated PTH levels induce a loss of phosphorus into 
the urine and decrease intestinal phosphorus absorption, which leads to low serum 
phosphorus concentrations (Holick, 2004). Low serum concentrations of calcium and 
phosphorus often result in an insufficient calcium-phosphate complex, which is important 
for the mineralization process (Tangpricha et al., 2002, Holick, 2003). Our data showed no 
correlation between phosphorus, magnesium and 25OH D levels. However, there was a 
positive correlation between serum phosphorus and serum 250H D (P<0.001) and a 
negative correlation between serum magnesium and 250H D (P<0.001) in girls.
Among our cohort of healthy school children, we observed that the percentage of fractures 
in boys and girls increased with age. However, a higher percentage of girls had fractures
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compared to boys. A significant negative correlation between 250H D and fractures was 
observed according to age groups in boys (P<0.05) and girls (P<0.001).
The first study by Goulding et al. (2004) involved 20 boys and 30 girls aged 3-13 years who 
had avoided consuming milk and who had a history of bone fracture. This group had more 
fractures than sex- and age-matched controls. All of the fractures occurred before puberty as 
a result of low dietary calcium intake, low bone mineral density; low bone mineral content 
and reduced z scores (Goulding et al., 2004). Schilling et al. (2011) studied the potential 
role of vitamin D deficiency in the pathogenesis of fractures in young children and 
concluded, “Vitamin D insufficiency was common in young children with fractures but was 
not more common than in previously studied healthy children. Vitamin D insufficiency was 
not associated with multiple fractures or diagnosis of child abuse. Non-accidental trauma 
remains the most common cause of multiple fractures in young children”(Schilling et al., 
2011).
According to Peter J. Tebben (www.mavoclinic.org/medicalprofs/childhood-fractures), 
about one-third of children will suffer a fracture before reaching adulthood (18 years). The 
majority of these children do not have metabolic bone disease. It is worth mentioning that 
the rate of fractures increases during puberty for both genders, but a greater percentage of 
boys than girls have fractures. The peak incidence of fractures in occurs in girls who are 10- 
12 years old and in boys who are 13-15 years old (PeterJ.Tebben, 2012).
In the prevalence study we found that a higher percentage of boys’ mothers than girls’ 
mothers used vitamin D and calcium supplementation during pregnancy and lactation, and 
the percentage of children with mothers who used supplementation was lower in older boys 
and girls than in younger children.
A study by Saadi et al. (2007) included 90 lactating and 88 nulliparous women that received 
2,000 lU D2/day (or 60,000 lU D2/month) over 3 months. The mean 250HD levels in 
lactating women increased from 9.2-10.8 ng/ml (23-27 nmol/L) at the start of the study to 
15.2-16.8 ng/ml (38- 42 nmol/L) at 3 months; there were no significant differences between
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the two groups o f  women. The mean 25OH D level in nulliparous women increased from
7.6 ng/ml (19 nmol/L) to 15.6-16.8 ng/ml (38.8-49.4 nmol/L). This high dose o f  the vitamin 
increased the 250H  D levels to more than 20 ng/ml (50 nmol/L) in just one-third o f  the 
subjects (Saadi et al., 2007).
During pregnancy, there are important changes in maternal vitamin D and calcium  
metabolism that help supply the calcium needed for fetal bone mineral accretion. During 
gestation, a typical fetus needs a total o f  about 30 g o f  calcium for normal physiological 
processes and to mineralize its skeleton. Notably, a fetus requires up to 250 mg/d calcium  
during the third trimester. During the first six months o f  breast feeding, the nursing baby 
requires even more than 250 mg/d o f  calcium. Pregnant and lactating women need about the 
an equivalent amount o f  calcium (Kovacs., 2001, Specker., 2004, Olausson et al., 2012).
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4.7 Conclusion
Saudi Arabian children and adolescent have very low levels o f  vitamin D, which is likely to 
have a major impact on their musculoskeletal health. This high incidence o f  vitamin D  
deficiency is attributable to both low intake o f  dietary vitamin D and to inadequate sun 
exposure.
Because o f  the widespread incidence o f  low vitamin D levels, and considering the eminent 
health issues facing the young Arab populace and women as a whole in the G ulf region, the 
governments o f  the Gulf States are striving to deal with this crisis. However, current 
lifestyles and dietary patterns, together with the extreme environmental conditions, are 
exacerbating the issues associated with low vitamin D levels.
All subjects with non-specific musculoskeletal pain should have their 25 0 H  D levels 
measured. During peak pubertal growth and bone formation, low levels o f  2 5 0 H  D are 
associated with increased PTH. Routine screening for vitamin D status should be performed, 
and families should be provided with information about the importance o f  vitamin D for 
normal growth and development in children. In addition, dietitians should make sure that the 
parents o f  young children are aware o f  the importance o f  eating dairy products 
supplemented with vitamin D and calcium to avoid bone fractures, which should help reduce 
the children’s risk o f  osteoporotic fractures later in life. Further studies are needed to 
investigate the effects o f  vitamin D supplementation for women who are pregnant and 
lactating to improve neonatal and maternal health.
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CHAPTER 5
INFLUENCE OF AGE, GENDER AND 
250HD STATUS ON BONE HEALTH
INDICES
203
5.1 Introduction
Puberty and adolescence are vital periods for skeletal development, and development during 
this time is important for achieving strong bones in adulthood. Bone strength is determined 
by several factors, including bone mineral content (BMC; reported as“g” o f  bone mass) and 
bone mineral density (BMD; reported as g/cm^). BMC and BMD are measured using dual 
energy x-ray absorptiometry (DXA). Peak bone mass (PBM) is one o f  the most significant 
predictors o f  osteoporosis, and researchers have determined an optimal PBM for preventing 
osteoporosis and fractures in the elderly (Petit et al., 2008). Notably, PBM is achieved by the 
third decade o f  life. About (60%) o f  the total BMC is acquired during the pre-pubertal years, 
and at least (26%) is acquired in the first four years o f  adult life (Markou et al., 2010).
Up to the age o f  12-16 years, the bone mass gain is about 40%, and the skeletal size is 
similar in boys and girls. In females, optimal BM D is achieved between ages 17 and 20 
years, while in males it is achieved after age 20. This difference is due to differences in the 
age o f  onset o f  puberty in girls and boys. Since the onset o f  puberty in boys is later than in 
girls, sexual dimorphism in bone growth and development leads to bigger bones in males 
than in females (Petit et al., 2008). In both sexes, there is a crucial age for gaining optimal 
BMD (Loud and Gordon, 2006). When studying bone development, it is critical to assess 
bone turnover markers along with bone mass, BMC and BMD when determining bone 
health and strength (Markou et al., 2010).
In the last decade, the development and identification o f  molecular markers that are thought 
to reflect either bone formation or bone resorption have become important tools in the 
diagnostic and therapeutic assessment o f  bone diseases. Under normal conditions, bone is 
continuously subjected to resorption and formation by the coordinated action o f  osteoclasts 
and osteoblasts, these markers are present in serum or urine and reflect the bone metabolic 
activity. These biochemical markers undergo rapid changes and are sufficiently sensitive to 
effectively monitor acute changes in bone turnover. An increased rate o f  bone turnover is a 
potential risk factor for fracture (Gamero, 2000).
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Physiological and pathological conditions can cause significant changes in the level o f  bone 
markers. Compared to adults, children have high concentrations o f  bone marker due to high 
skeletal growth velocity and rapid bone turnover. Many physiological factors are influenced 
the changes in bone markers in children, such as gender, age, growth rate, pubertal stage, 
and nutritional status. A  variety o f  Pathological processes may influence bone metabolism  
and bone marker concentrations, such as growth hormone deficiency, prematurity, 
malnutrition, vitamin D deficiency, rickets, and metastatic bone diseases (Szulc, 2000Yang 
and Grey, 2006).
Several bone turnover markers have been identified, some o f  which are enzymes and non- 
enzymatic peptides derived from cellular and non-cellular compartments o f  bone. Most 
biochemical markers o f  bone resorption are related to either collagen breakdown products 
such as hydroxyproline, hydroxylysine glycosides, pyridinoline and deoxypyridinoline 
(DPD), or to the various collagen cross-links and telopeptides, such as carboxyterminal 
cross-linked telopeptide o f  type I collagen (CTX-1), amino terminal cross-linked telopeptide 
o f type I collagen (N T X l) and collagen I alpha 1 helicoidal peptide (HELP).
The markers o f  bone formation are either by-products o f  collagen neosynthesis, such as the 
C-terminal propeptide o f  type I procollagen (PICP) and the N-terminal propertied o f  type I 
procollagen (PINP), or osteoblast-related proteins such as osteocalcin (OC) and bone- 
specific alkaline phosphatase (BAP, ALP). Other markers o f  resorption are non-collagenous 
proteins such as OC fragments, bone sialoprotein, tartrate-resistant acid phosphatase and 
cathepsin (Seibel, 2005).
Some o f  the secondary causes o f  osteoporosis, such as glucocorticoid use and rheumatoid 
arthritis, can also lead to changes in bone turnover markers. Glucocorticoid treatment leads 
to a decrease in the bone formation marker OC and to an increase in bone resorption 
markers (Lane and Lukert, 1998).
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Several factors can interfere with the measurement o f  bone turnover markers, and these
markers exhibit significant variability within subjects. Therefore, limiting such interference
is essential for correct interpretation o f  bone marker data.
5.2 Principle aims
• The principle aims o f  this
• chapter were as follows:
•  To determine the total body BMD, BMC, and the lumbar spine BMC, BMD
• To determine the extent o f  hypovitaminosis D in boys and girls according to age and 
pubertal status.
• To determine the calcaneal bone mass using broadband ultrasound attenuation (BUA).
• To use CTX-1 and DPD to determine the levels o f  markers o f  bone formation, serum 
total alkaline phosphatase (ALP) and OC, and levels o f  markers o f bone resorption.
• To assess the effect o f  low 25 0 H  D status on axial and appendicular bone density and 
bone turnover.
• To develop statistical models for identifying predictors o f  250H D  status, bone density 
and bone turnover in Saudi Arabian boys and girls according to age group and pubertal 
status.
5.3 Study Design
5.3.1 Subject selection
Subject recruitment details as described in Section 2.1. The study included a total o f  300
school children aged 6-18 years in Jeddah, Saudi Arabia. There were 150 boys and 150 girls.
None o f  the subjects suffered from any condition or were taking any medicine that was
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likely to affect their bone metabolism. Only 37 boys and 41 girls were participated to 
measurement BMD, BMC, and Z- score for lumbar spine and whole body by DXA. 
Furthermore the same number o f  subjects was donating to measure calcaneal bone mass 
using BUA.
5.3.2 Methodology
The detailed methods used to measure lumbar spine and total body BMC and BMD with 
DXA can be found in chapter 2, which also describes the determination o f  calcaneal bone 
mass using BUA.
5.4 Statistical Analysis
BMD, calcaneal bone mass and markers o f bone formation and resorption are reported in 
this chapter according to age and estimated pubertal status. The results are presented as 
mean [standard deviation, SD]. Bone health status was determined for the lumbar spine and 
for the whole body and was reported as BMD (g/cm^), BMC (g), bone area (cm^), BUA  
(dB/MHz), and Z-score as appropriate. The data were checked for normality, and most 
variables were normally distributed. The exceptions were Z-score and BUA, so non- 
parametric tests were applied to these variables.
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5.5 Results
5.5.1 .Lumbar spine and whole body BMD and BUA
As shown in Table 5.1, the mean lumbar spine BMD at L2-L4 was significantly different for 
boys and girls (P<0.05). There were also significant differences (P<0.001) in the mean BMC 
and lumbar spine bone area values in different age groups.
The mean lumbar spine Z-scores were significantly different (P<0.002) between boys aged 
7-9 years vs. boys aged 13-14 years. However, there were no differences between age 
groups for girls.
Determination o f  whole body BMD, BMC and Z-scores showed that there were no 
differences in mean BMD values according to age in boys. However, significant differences 
(P<0.001) were found in the mean BMD values according to age for girls. BMC and bone 
area were significantly different in both boys and girls (P<0.001 and P<0.003, respectively) 
in the four age groups.
The mean Z-scores were significantly different between age groups for boys (P<0.021) but 
not for girls. Mean BUA was significantly different between age groups for girls (P<0.001) 
but not for boys. Table 5.2 shows the results according to estimated pubertal status. There 
was a difference in mean BMD between pre- and post-pubertal boys. The mean lumbar 
spine BMD L2-L4 in pre- and post-pubertal boys was 0.79 [0.125] and 0.92 [0.11] g/cm^, 
respectively. The mean lumbar spine BMD L2-L4 in pre- and post-pubertal girls was 0.72 
[0.09] g/cm^ and 0.95 [0.2] g/cm^, respectively. These values were significantly different 
(P<0.001).
The mean lumbar spine BMC was significantly different (P<0.001) in pre- and post-pubertal 
boys and in pre- and post-pubertal girls. The lumbar spine bone area was significantly 
different (P<0.001) in pre- and post-pubertal girls, but there was no difference in pre- and
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post-pubertal boys. We found no significant differences in the mean lumbar spine Z-scores 
between boys and girls.
Whole body BMD, BMC and bone area values, but not Z-scores, were significantly different 
(P<0.001) according to pubertal status for girls. In contrast, Z-scores, but not the other 
measures, were significantly different (P<0.001) in boys according to pubertal status. BUA  
was significantly different (P<0.001) between pre- and post-pubertal groups for girls but not 
for boys.
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5.5.2 Bone turnover markers
5.5.2.1 Markers of bone formation: Serum total alkaline phosphatase (ALP) and 
osteocalcin (OC)
We determined the ALP and OC values in 300 Saudi Arabian school children and analyzed 
the data according to age and pubertal status. Table 5.3 shows that these markers were 
significantly different between age groups in boys (P<0.007) and in girls (P<0.001).
The data were also reported according to pubertal status. As shown in Table 5.4, boys had 
higher serum total ALP and serum OC than girls. There were significant (P<0.001) gender 
differences in the biochemical markers o f  bone formation. Biochemical markers o f  bone 
turnover in pre- and post-pubertal girls and boys are shown in Figure 5.1.
ALP
300
250
200
r  150
100
OC
-  30
u
Figure 5.1. Mean levels of the bone formation markers serum total alkaline phosphatase (ALP) and 
osteocalcin (OC) in school children (n=300) analyzed according to gender and pubertal status.
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5.S.2.2 Markers of bone resorption: Deoxypyridinoline (DPD) and C-terminal cross- 
linked telopeptides (CTX)
We detemiined the CTX and DPD levels in 300 Saudi Arabian school children and analyzed 
the bone resorption marker data according to age and pubertal status. Table 5.5 shows that; 
these markers were significantly different between age groups for girls and boys (P<0.001). 
There were no significant differences between boys and girls Table 5.6. Markers o f  bone 
resorption varied significantly according to pubertal stage (P<0.001). The mean levels o f  
biochemical markers o f bone turnover according to gender and pubertal status are shown in 
Figure 5.2.
C-TX
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Figure 5.2. Mean levels of the bone resorption markers deoxypyridinoline (DPD) and C-terminal cross- 
linked telopeptides (CTX) in school children (n=300) analyzed according to gender and pubertal status.
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5.5.3 Correlation of 250HD status and bone health indices.
The bone health data were analyzed to determine whether there were associations between 
250H D  status and lumbar spine and whole body BMD, BMC, BUA o f  the calcaneus and Z- 
score in the78Saudi Arabian school children. Table 5.7 summarize the findings. In boys, 
there was a negative linear correlation between 25 0 H  D status and whole body BM D (r =  - 
0.336, P<0.042) and BMC (r = -0.385, P<0.019). In girls, there was a negative linear 
correlation between 250H  D status and lumbar spine BMD (r = -0.402, P<0.009) and a 
negative linear correlation between 250H D  status and whole body BMD (r = -0.363, 
P<0.02) and whole body BMC (r = -0.373, P<0.016).
There was no correlation between BU A and 250H  D status in boys. In contrast, there was a 
positive correlation between BUA and 25OH D (r =0.354, P<0.023) in girls. Due to low  
subject numbers, we were unable to investigate whether there was an association between 
250H  D status and bone health indices according to age and pubertal status.
Table 5.7. Correlation between 250HD status and lumbar spine (LS) and whole body (WB) BMD, BMC, 
BUA and Z-score in school children according to gender n=78.
Gender Correlationcoefficient
LS
BMD
(g/cm^)
L2-L4
LS BMC 
(g)
LS
Z-score
WB
BMD
(g/cm^)
WB 
BMC g
WB
Z-score BUA
Boys
(n=37)
250HD
(nmol/L) -0.233 -0.316 0.038 -0.336* -0.385* -0.003 000
Sig 0.166 0.057 0.824 0.042 0.019 0.987
1
Girls
(n=41)
250HD
(nmol/L) -0.298 -0.402** 0.070 -0.363* -0.373* 000 0.354*
Sig 0.059 .009 0.663 0.020 0.016 0.0996 0.023
**Correlation was considered significant at 0.01 (2-tailed). 
*Correlation was considered significant at 0.05 (2-tailed).
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5.5.4 Correlation of 250HD status with bone formation and bone
resorption markers
The bone health data were analyzed to determine whether there were associations between 
250H D  status and bone formation or resorption markers. There is a significant negative 
correlation (P<0.04, P<0.01, P<0.01) o f  250H  D with ALP, OC, and DPD in all boys, and 
significant positive correlation with CTX-1(P<0.01). While there was a positive correlation 
(P<0.04, P<0.01, P<0.01) o f  250H  D with ALP, OC and DPD in all girls, and a significant 
negative correlation o f  2 50H  D with CTX-1 (P<0.01) as shown in Table 5.8. There was 
some significant correlation between 250H  D status and bone formation markers according 
to pubertal status as shown in Table 5.9 for pre-pubertal and post-pubertal boys and girls. 
We also looked into the association between 25 0 H  D status and bone formation markers 
according age group. Significant correlations were found for the 10-12 years age group 
(both boys and girls). There was a negative correlation (P<0.05) with OC and DPD and a 
positive correlation (P<0.05) with CTX-1 for both genders. There was a highly positive 
correlation (P<0.001) between 250H  D status and OC and DPD for girls aged 13-14 years, 
and a negative correlation with CTX-1 (P<0.001) in the same group o f  girls, as shown in 
Table 5.10.
Table 5.8. Correlation between 250HD status and bone markers in school children (n=300) according to 
gender.
Gender Correlationcoefficient
Bone formation Bone resorption
ALP OC CTX-1 DPD
Boys
(n=150)
250HD -0.168* -0.352** 0.354** -0.353**
.s.ig 0.040 0.000 0.000 0.000
Girls
(n=150)
250HD 0.166* 0.204** -0. 202* 0.203*
.Sig 0.042 0.012 0.013 0.013
**Correlation was considered significant at P< 0.01 (2-tailed).
*Correlation was considered significant at P< 0.05 (2-tailed).ALP, alkaline phosphatase; OC, osteocalcin; CTX-1, çarbpx^çrminal cross- 
linked telopeptide of type I collagen; DPD, deoxypyridinoline crosslink
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Table 5.9. Correlation between 250HD status and bone markers in school children according to gender
and pubertal status n= 300
Gender and pubertal 
status
Correlation
coefficient
Bone formation Bone resorption
ALP OC CTX-1 DPD
Pre-pubertal boys 
(n=118) 
(7-12) years
250HD -0.214* -0.340** 0.348** -0.340**
.Sjg 0.020 0.000 0.000 0.000
Post-pubertal boys 
(n=32) 
(13-16) years
250HD -0.004 0-.107 0.110 -0.111
§ig 0.984 0.558 0.550
0.547
Post-pubertal girls 
(n=51) 
(6-13) years
250HD 0.260 0.057 -0.044 0.060
Sig 0.065 0.693 0.757 0.678
Post-pubertal girls 
(n=99) 
(13-18) years
250HD 0.059 0.273** -0.268** 0.269**
Sig 0.559 0.003 0.003 0.003
**Correlation was considered significant at P< 0.01 (2-tailed).
*Correlation was considered significant at P< 0.05 (2-tailed).
ALP, alkaline phosphates; OC, osteocalcin; CTX-1, carboxyterminal cross-linked telopeptide of type I collagen; DPD, deoxypyridinoline 
crosslink
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5.5.5 Correlation of body weight with bone health indices
The bone health data from Saudi Arabian school children (n=78) were analyzed to determine 
whether there were associations between body weight and lumbar spine or whole body 
BMD, BMC or Z-score or with BUA o f  the calcaneus. As shown in Table 5.11, there was a 
significant positive association between body weight and BMD at all sites in girls (P<0.001, 
P<0.001, P<0.015, P<0.001, P<0.001), respectively. However no significance correlations 
between body weight and Z-score or BU A  were found for the boys.
Table 5.11. Correlation between body weight and bone health indices in school children (n=78) 
according to gender.
Gender Correlationcoefficient
LS BMD 
(L2-L4) LS BMC
LS
Z-score
WB
BMD
WB
BMC WBZ-score BUA
Boys
(n=37)
Weight
(Kg) 0.657" 0.780" 0.072 0.784" 0.864" 0.113 0.241
Sig 0.000 0.000 0.672 0.000 0.000 0.506 0.150
Girls
(n=41)
Weight
(Kg) 0.772" 0.847" 0.378' 0 .895" 0.957" 0.538" 0.694"
Sig 0.000 0.000 0.015 0.000 0.000 0.000 0.000
**Correlation was considered significant at P< 0. 01 (2-tailed).
^Correlation was considered significant at P< 0.05 (2-tailed).
BMC, bone mineral content; BMD, bone mineral density; BUA, broadband ultrasound attenuation; LS, lumbar spine; WB, whole body.
5.5.6 Effect of height on bone health indices in boys and girls
The bone health data from Saudi Arabian school children (n=78) were analyzed to determine 
whether there were associations between height and lumbar spine or whole body BMD, 
BMC or Z-score or with BUA o f  the calcaneus. As shown in Table 5.12, there was a
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significant positive association between height and BMD at all sites in girls and boys 
(P<0.001). There was no significant correlation with lumbar spine and whole body Z-score. 
In boys, there was no correlation between height and BUA.
Table 5.12. Correlation between height and bone health indices in school children (n=78) according to 
gender.
Gender Correlationcoefficient
LS BMD 
g/cm^ 
(L2-L4)
LS BMC 
(g)
LS
Z-score
WB
BMD
(g/cm^)
WB
BMC
(g)
WB
Z-score
BUA
(db/MHz)
Boys
(n-37)
Height
(cm) 0.668 0.808 -0.112 0.695 0.825 -0.136 0.233
Sig 0.000 0.000 0.508 0.000 0.000 0.422 0.166
Girls
(n=41)
Height
(cm) 0.671 0.790 0.074 0.825
**
0.873 0.215 0.662
Sig 0.000 0.000 0.645 0.000 0.000 0.178 0.000
**Correlation was considered significant at P< 0.01 (2-tailed).
BMC, bone mineral content; BMD, bone mineral density; BUA, broadband ultrasound attenuation; LS, lumbar spine; WB, whole body.
5.5.7 Effect o f BM I on bone health indices in boys and girls
The bone health data from Saudi Arabian school children (n=78) were analyzed to determine 
whether there were associations between BMI and lumbar spine and whole body BM D or 
BU A  o f  the calcaneus. Lumbar spine and whole body BMC and Z-score were also 
calculated in children boys and girls. As shown in Table 5.13, there was a significant 
positive association between BMI and BMD at all sites in girls and boys (P<0.001), except 
the BMI was not associated with BUA in boys.
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Table 5.13. Correlation between BMI and bone health indices in school children (n=78) according to
gender.
Gender Correlationcoefficient
LS BMD 
g/cm^ 
(L2-L4)
LS BMC 
(g)
LS Z-
score
WB
BMD
(g/cm^)
WB
BMC
(g)
WB
Z-score
BUA
(db/MHz)
Boys
(n=37)
BMI
(kg/m2) 0.519 0.601 0.384 0.764 0.756 0.522 0.321
Sig 0.001 0.000 0.019 0.000 0.000 0.001 0.053
Girls
(n=41)
BMI
(kg/m2) 0.673 0.671 0.506 0.732 0.767 0.610 0.536
Sig 0.000 0.000 0.001 0.000 0.000 0.000 0.000
**Correlation was considered significant at P <0.01 (2-tailed).
BMC, bone mineral content; BMD, bone mineral density; BUA, broadband ultrasound attenuation; LS, lumbar spine; WB, whole body.
5.5.8 Effect of age on bone health indices in boys and girls
The bone health data from Saudi Arabian school children (n=78) were analyzed to determine 
whether there were associations between age and lumbar spine and whole body BM D or 
BUA o f  the calcaneus as shown in Table 5.14. Lumbar spine and whole body BMC and Z- 
score were also calculated. There was a significant positive association between age and 
BMD at all sites in the boys (P<0.002, P<0.001, P<0.04, P<0.001, P<0.001, P<0.001, 
P<0.04, P<0.03) respectively.
Except for Z-score and BUA, the bone health indices showed significant positive 
correlations with age in girls. Table 5.15 and Table 5.16 report the associations o f  age with 
bone health indices in the 78 boys and girls. In general, we found that BMD, BMC, bone 
mineral area and BUA were greater in boys than girls. There was an increase in lumbar
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spine and whole body BM D with age: It was 0.7 g/cm^ at age 7 years and 1 g/cm^ at age 16. 
The mean lumbar spine BMC and BA increased gradually from 15.9 g and 22.5 cm^ at age 7 
years to 45 g and 44.9 cm^ at age 16 years. The increases in whole body BMC and BA were 
greater than those for the lumbar spine. The lumbar spine and whole body Z-score and BUA  
fluctuated with age for both genders.
.Table 5.14. Correlation between age and bone health indices in school children (n=78) according to 
gender.
Gender Correlationcoefficient
LS
BMD
g/cm^
(L2-L4)
LS BMC 
(g)
LS
Z-score
WB
BMD
(g/cm^)
WB
BMC
(g)
WB
Z-score
BUA
(db/MHz)
Boys
(n=37)
Age
(years) 0.499* 0.678** -0.333* 0.584** 0.675** -0.340* 0.358*
Sig
0.002 0.000 0.044 0.000 0.000 0.040 0.030
Girls
(n=41)
Age
(years) 0.406* 0.428* -0.186 0.359* 0.373* -0.273 0.286
Sig 0.008 0.005 0.245 0.021 0.016 0.084 0.070
**Correlation was considered significant at P< 0.01 (2-tailed).
*Correlation was considered significant at P<0.05 (2-tailed).
BMC, bone mineral content; BMD, bone mineral density; BUA, broadband ultrasound attenuation; LS, lumbar spine; WB, whole body.
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5.5.9 Association between lifestyle factors and bone health indices
The bone health data from Saudi Arabian school children (n=78) were analyzed to 
determine whether there were associations between bone health indices and the 
following lifestyle factors: physical activity and time spent outside in sun.
As shown in Table 5.17, there was no correlation in boys for all sites o f  lumbar spine 
and whole body with physical activity. There was a significant negative association 
between time spent outside in the sun with whole body BMD and BMC (P<0.04 and 
P<0.02, respectively).
Table 5.18 shows that there was no correlation in girls in all sites o f  lumbar spine 
and whole body with physical activity. There was a clear difference between time 
spent outside in the sun and lumbar spine BMD and BMC (P<0.01 and P<0.01 
respectively). A  Significant negative correlation was found for whole body BMD  
and BMC (P<0.03 and P<0.02 respectively).
Table 5.17. Correlation between lifestyle factors and bone health indices in boys (n=37).
Correlation
coefficient
L2-L4 Lumbar spine Whole body
BUA
(db/MHz)BMD
(g/cm )^
BMC
(g)
Z-score BMD(g/cm )^
BMC
(g)
Z-score
Physical
activity
(h/wcck)
0.089 0.007 0.231 0.015 0.03 0.093 0.224
Significant 0.06 0.968 0.169 0.931 0 .8 5 9 0.0584 0.182
Time spent 
outside in the 
sun (min/day) -0.316 -0.296 -0.103 -0.337* -0.361* -0.72 -0.158
Significance 0.056 0.075 0.545 0.042 0.028 0.672 0.351
^Correlation was considered significant at P<0.05 (2-tailed).
BA, bone area; BMC, bone mineral content; BMD, bone mineral density; BUA, broadband ultrasound attenuation.
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Table 5.18. Correlation between lifestyle factors and bone health indices in girls (n=41).
Correlation
coefficient
L2-L4 Lumbar spine Whole body
BUA
(db/MHz)
BMD
(g/cm^)
BMC
(g)
Z-scorc
BMD
(g/cm^)
BMC
(g)
Z-score
Physical activity 
(h/wcck)
0.186 0.124 0.185 0.031 0.017 0.075 0.035
Significance 0.244 0.439 0.246 0.847 0.917 0. 64 0.826
Time spent outside 
in the sun (min/day) -0.386* 0.486** -0.083 -0.446** -0.470** -0.127 0.474**
Significance 0.013 0.001 0.604 0.003 0.002 0.43 0.002
♦♦Correlation was considered significant at P<0.01 (2-tailed).
♦Correlation was considered significant at P<0.05 (2-tailed).
BA, bone area; BMC , bone mineral content; BMD, bone mineral density; BUA, broadband ultrasound attenuation
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5.5.10 Multilinear regression analysis of bone health indices
Multiple variables that could affect 250H  D status were examined by regression analysis. 
The following variables were included: markers o f  bone formation (ALP, OC), markers o f  
bone resorption (CTX-1, DPD), BMD, BMC, L2-L4 lumbar spine and whole body Z-score 
and BUA. (Table 5.19) shows the correlation o f  bone turnover markers, DX A analysis and 
BUA on 250H  D status for both genders. Lumbar spine BMC and Z-score were related to 
250H  D status; there was a significant negative decrease in lumbar spine BMC by -0.7g and 
a positive increase in the Z-score value o f  3.2.
250H  D status = 1.54 - 0.697 x L2-L4 BMC (g) + 3.19 x whole body BMD Z-score 
The model was considered significant at P<0.000 
Multiple correlation coefficient R square = 0.52
Table 5.19. Regression coefficients for 250HD status and bone health indices in Saudi Arabian boys and 
girls.
Model R square
Unstandardized
Coefficients
Standardized
Coefficients
Sig.B Std- Error
Beta
1 (Constant)OC 0.387 -8.8421.560
7.464
0.225 0.622
0.240
0.000
2 (Constant) 
OC 
LS BMC 0.499
L522
1.669
-0.612
7.438
0.207
0.150
0.666
-0.337
0.637
0.000
0.000
3 (Constant)
OC
LS BMC -WB BMD- Z-score 0.526
12.546
1.499
-0.697
3.194
8.484
0.218
0.152
1.542
0.598
-0.384
0.187
0.143
0.000
0.000
0.042
a Dependent variable: 250HD level 
BMC, bone mineral content; BMD, bone mineral density; LS, lumbar spine; OC, osteocalcin; WB, ■whole body.
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5.6 Discussion
The development of new methods for measuring BMC in children has vastly improved our 
ability to determine changes in bone mass during growth. Currently, the three most common 
techniques for measuring the bones of children are DXA, quantitative computed tomography 
(QCT) and quantitative ultrasound (QUS). DXA is by far the most common technique and is 
used widely for performing bone measurements. DXA is inexpensive, readily available, easy 
to use, and provides clear and accurate quantitation of bone mass in adults. The main reason 
that BMC is measured in children is to diagnose and evaluate the loss of bone minerals 
associated with disorders that cause osteopenia. A secondary reason for determining bone 
mass in children is to have childhood records to shed light on osteoporosis in elderly 
subjects (Gilsanz, 1998).
We found significant differences between boys and girls in terms of BMD, BMC lumbar 
spine bone and BUA; however, there was no difference in the lumbar spine Z-score between 
boys and girls. There was a significant positive association between body weight, age and 
BMD at all sites in girls (P<0.001). However, no significant associations were found in the 
boys’ group for Z-score and BUA.
Our findings were in agreement with those of other studies that showed positive associations 
between ages, sex, weight, height and bone measurements in children and adolescents. One 
such study. Southard et al. (1991), used DXA to study bone mass in healthy children (84 
boys and 134 girls) aged 1-19 years. Results showed that “bone mass increased with weight, 
age, and pubertal Tanner stage. Tanner stage and weight were the best predictive indicators 
of bone mass and BMD. The influences of age, sex, race, physical activity, and diet were not 
significant”(Southard et ah, 1991).
A study by Nguyen and colleagues (2001) that involved 94 male and 92 female Caucasian 
subjects aged 6-36 years found sex differences in BMC and BMD that were not obvious in 
pre-pubertal children. Females had significantly higher BMC and BMD of the spine during
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puberty, while post-pubertal males had significantly higher BMC and BMD values than 
post-pubertal females (Nguyen et ah, 2001).
Results of a study conducted by Bounds and colleagues (2005) did not support the 
preference conclusion “peak BMC and BMD was achieved between the ages of 20 and 25 
and occurred earlier in females than in males”. That study found that numerous nutritional 
factors contributed significantly to determine the BMC and BMD by age 8 years, although 
there were differences in total BMC and BMD in 8-year-old children according to sex 
(Bounds et ah, 2005). During childhood and adolescence, there are simultaneous changes in 
BMD and BMC that establish a link between development of bone physiology and a real 
‘BMD date’; thus, bone density determination not only provides a better understanding of 
bone development but also complements densitometry studies in children with bone diseases 
(Rauch and Schoenau, 2001).
We found a negative linear correlation between 250HD status and whole body BMD and 
BMC in boys, as well as a negative correlation between 250HD status and lumbar spine 
BMD and whole body BMC and BUA. In contrast, there was no correlation between BUA 
and 250HD status in boys.
The 250HD level is linked to bone health during puberty. Specifically, there is a progressive 
rise in cortical BMD with increasing serum 250HD levels. However, there are no 
remarkable differences in the total BMD when it is analyzed according to 250HD levels. 
Notably, vitamin D deficiency has a large impact on the maintenance of the skeleton 
(Holick, 2005). Interestingly, vitamin D deficiency in Iran is associated with BMD in the 
spine but not with femoral BMD (Hosseinpanah etal; 2008).
Previous studies have indicated that vitamin D status among Saudi Arabians is very low, 
major studies were conducted since 1983 reported this dilemma. Mir Sadat-Ali and 
colleagues (2008), who determined the prevalence of low bone mass in girls who are 
affected by Adolescent Idiopathic Scoliosis (AIS), estimated that 2-4% of children aged 10- 
16 years are affected by scoliosis. Of these children, 27-38% of the girls are osteopenic. The
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incidence of scoliosis in Saudi Arabia was reported to be in the range of 0.16 to 0.5% 
(Sadat-Ali et ah, 2008). Patients with BMD values < -2.6 are considered osteoporotic, and 
those with BMD values that ranged from -1 to -2.5 are considered osteopenic (Bener and 
Hoffmann, 2010).
Numerous researchers have found that osteoporosis in children is often misdiagnosed when 
DXA measures are used. Gilsanz et al. (2006) reported that the interpretation of DXA bone 
studies in children is considerably more challenging than in adults (Gilsanz and Wren, 
2007). Bone marker levels in children are substantially higher than in adults due to rapid 
skeletal growth and rapid bone turnover during childhood growth. Bone formation markers 
are used by physicians to detect the products of bone remodeling. Osteocalcin (OC) is a 
specific product of the osteoblast. A small portion of that synthesized does not accumulate in 
bone but is secreted directly into the circulation. Upon catabolism of osteocalcin, is excreted 
into the urine. Serum osteocalcin used for the clinical assessment of bone disease. However 
it is helps osteoblasts function, and OC levels tend to correspond to the rate of bone 
formation (Lian and Gundberg, 1988).
Total serum AP consists of several isoenzymes encoded by different genes, but bone- 
specific alkaline phosphatase (BAP) and liver alkaline phosphatase are products of the same 
gene. BAP is produced by osteoblasts in the bones and released into the circulation. The 
serum BAP level is considered a good marker of bone formation, although OC is a more 
specific bone marker than BAP because it is only present in bone tissue. Bone resorption 
markers are generally determined in patient blood and/or urine specimens. C-telopeptide, 
also known as the C-terminal telopeptide of type 1 collagen (CTX-1), is a commonly used 
bone resorption marker. Deoxypyridinoline (DPD), a breakdown product of collagen that 
has a distinct ring structure, is another good bone resorption marker. A few studies have 
investigated serum and urine bone formation and resorption markers in order to study bone 
health during growth in infants and young children. Measuring bone markers in serum is 
better than measuring them in urine. Measuring bone markers in serum is more accurate than
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measuring them in urine (Yang and Grey, 2006, Sonia A Talwar, 2011, Huang et ah, 2011, 
Jurimae, 2010).
Our study showed significant differences (P<0.001) in the serum levels of all markers of 
bone formation and resorption in boys and girls according to the 4 age groups. The levels of 
bone turnover markers are similar in boys and girls during pre-pubertal growth and increase 
during the pubertal growth spurt. This growth spurt starts in girls before boys, although the 
growth spurt is greater in boys than in girls.
Another study of bone markers in children and adolescents measured the following in 365 
healthy children (182 girls and 174 boys) aged 6-18 years: 250HD status, PTH, total AP, 
OC, and other bone markers. The study reported significant variation with gender and age 
according to growth during childhood and adolescence; most bone markers, except for total 
AP, showed higher levels during puberty (Huang et al., 2011).
The correlation between life style and BMD has not been studied extensively in children and 
adolescents, some of lifestyle factors, such as physical activity have been found to be 
associated with low bone mass. Tervo et al. (2011) confirmed this with 1,595 adults (1,389 
females and 206 males) (Tervo et al., 2011).
Our study did not found correlation between lumbar spine BMD and whole body BMC and 
physical activity. There was a significant negative association between time spent outside in 
the sun and whole body BMD and BMC. Others lifestyle factors, such as housing type 
(apartment, cottage or villa) and income (low, medium or high) had no effect on bone health 
in either boys or girls.
Children have become less physically active in recent decades; young children mainly like 
to play in ways that involve different kinds of physical activity, whereas older children 
engage in more formal sports, such as team sports, as well as playing in less structured ways 
at playgrounds and parks. These types of activity are typically very strenuous and involve 
muscular strength. By age 10, most of this activity decreases, especially in girls. If there is 
too little physical activity, children can develop health problems, such as becoming
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overweight or obese, and they may begin to exhibit defects in bone mineral acquisition that 
can lead to osteoporosis. Physical activity is important for bone structure and can raise the 
PBM in children and adolescents (Boreham and Riddoch, 2001).
Reduced exposure to sunlight, increased urbanization and increased time spent indoors all 
contribute to decreased vitamin D levels. This has been reported in Malaysians, who 
generally avoid being outdoors during the day when it is very warm and humid (Khor et al.,
2011). A retrospective study by Jones et al. (1998) found differences between genders in 
terms of physical activity and sun exposure with BMD. Males had higher levels of sunlight 
exposure, sports participation and muscle strength but lower fat mass compared to females. 
However, males and females were similar in terms of age, weight, and height and calcium 
intake (Jones and Dwyer, 1998).
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5.7 Conclusion
Measurements of bone density are used to estimate the risk of the osteoporosis and fracture 
in people of all ages. However, bone density measurements do not predict future bone loss. 
Several investigators have found that in children, DXA leads to a misdiagnosis of 
osteoporosis and underestimates the amount of bone density.
Vitamin D deficiency affects bone metabolism, resulting in reduced absorption of dietary 
calcium. Bone formation markers are used by doctors to determine the products of bone 
remodeling, and there are blood and urine tests that help determine if there is an increased 
rate of bone resorption in the body. It is also helpful to find out there is an abnormal increase 
in bone formation. Daily exposure to sunshine and healthy exercise habits are effective ways 
to maintain good bone health.
The findings of our study showed a significant association between low vitamin D levels 
and indices of bone health in children and adolescents, with the greatest effect in the older 
girls compared with the other age groups.
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CHAPTER 6
ASSESSING DIETARY & FOOD 
CONSUMPTION PATTERNS
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6.1 Introduction
A healthy diet must include adequate amounts of all basic nutrients plus enough water and 
calories to maintain normal physiological functions. This allows the development and 
replacement of body tissues and helps protect against disease. A healthy diet requires a 
balance of nutrients (carbohydrates, proteins and fats) and micronutrients (minerals and 
vitamins) to meet the requirements of human nutrition without causing toxicity or leading to 
excessive weight gain.
The main reasons for collecting and analyzing data related to the food consumption habits of 
an individual or population are to evaluate whether the diet is sufficient to meet basic 
biological needs, to study the associations between dietary intake and disease and to identify 
markers or risk factors associated with diet and disease (Gordon et ah, 2008).
6.1.1 Nutritional requirements during adolescence
Nutritional needs are higher during adolescence than at any other time of life. This is 
because the phenomenal growth that occurs during adolescence requires high levels of both 
energy and nutrients. Remarkably, nutritional needs during adolescence are greater than the 
energy and nutrients needs during the first year of life, which is also a time of rapid growth 
and development.
There is a strong relationship between nutrition and physical growth during adolescence, and 
an adequate diet is critical for achieving full development. If the diet during adolescence 
lacks nutrients or energy, growth may be slow and sexual maturity may be delayed. Good 
nutrition is also vital during this time to avoid the development of diet-related chronic 
diseases in adulthood, including cardiovascular disease, cancer and osteoporosis.
Before puberty, boys and girls have similar nutritional needs. However, changes in body 
composition (relative amounts of muscle and fat, for example), as well as other biological 
changes (such as the onset of menarche) that occur during puberty, lead to changes in
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activity and nutrient needs. However, the nutrient needs of both boys and girls rise sharply 
during adolescence (Davis and Saltos, 1999, Stang et al., 2005).
In terms of bone growth during adolescence, sufficient dietary intake is key for the 
development of optimum peak bone mass. Consequently, a healthy diet is vital for the 
prevention of osteoporosis in late adulthood. Many nutrients contribute to bone health, but 
calcium and vitamin D are the most important ones during the rapid growth that occurs 
during adolescence. Milk and dairy foods are good sources of calcium and are often good 
sources of vitamin D; thus, increased intake of dairy is often a part of targeted nutritional 
interventions.
6.1.2 Health awareness in Saudi Arabia
As a first step in improving the health of the general population in Saudi Arabia, public 
health education efforts must educate people so they become more aware of their health and 
so they specifically become aware of health issues that are prevalent in Saudi Arabia. Saudi 
Arabia needs targeted health awareness campaigns that make people more aware of public 
health concerns and health issues that are common in this region. Unfortunately, this goal 
has not been achieved for several reasons:
• There is a shortage of specialists in the fields of health awareness and nutrition, which in 
turn has affected the effectiveness and success of existing programs.
• There is a lack of coordination among government, departments that are responsible for 
disseminating health awareness messages and materials. The Ministry of Health, the 
Ministry of Education and international health organizations have failed to coordinate 
their efforts to more effectively raise awareness in the population.
• Programs that rely only on the mother to raise the health awareness of her family are not 
effective enough. Both parents must be aware of the health issues that affect the society 
and their own family. In addition, public health officials must have key roles in initiating 
and supporting health awareness programs.
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• Brochures printed have not been effective in raising health awareness, due mainly to 
illiteracy among mothers along with little or no awareness of the availability or 
usefulness of educational booklets or brochures.
• Households in Saudi Arabia generally depend on nannies and maids to prepare food and 
feed children. Many such household helpers do not speak or understand Arabic very 
well, and they may also have a low level of education. Since the person who prepares 
and serves food has a unique opportunity to impart information about a healthy diet, this 
has a negative impact on the health awareness in the family.
6.1.3 The diet in Saudi Arabia
The people in Saudi Arabia are very traditional and so is their diet. Most people in specific 
regions of the country eat the same foods that have been eaten in those regions for centuries. 
According to the Food by Country website (www.foodbvcountrv.comT the most common 
foods in the Saudi diet are wheat, barley, maize, rice, yogurt, milk and dates. Notably, Saudi 
Arabia produces more than 600 million pounds of dates each year.
The most common religion in Saudi Arabia is Islam, and Islamic forbids the consumption of 
pork or alcoholic drinks. Animals must be butchered in a particular way and blessed before 
they can be eaten. Lamb is traditionally served during religious holidays, celebrations and 
special occasions, while chicken is a staple food for all Saudis. According to the Food by 
Country website, a typical healthy Saudi adult eats an average of about 88 pounds of 
chicken per year. Camel, sheep and goat milk have long been staples of the Bedouin diet, 
and dairy foods are still favorites with the Saudi Arabian people.
In the last decade, the diet in Saudi Arabia has started to diverge in its urban and rural 
populations. Urban dwellers enjoy a greater variety of foods, although they still eat many of 
the same foods consumed by their rural counterparts. The diet of people living in urban 
areas has become westernized in that it is now higher in fat and animal products and lower 
in vegetables, fruit and fiber. As a result, the diets have lower levels of essential 
micronutrients, such as vitamins and trace minerals.
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6.2 Study aims
The nutritional habits and food consumption patterns of school children in Jeddah, Saudi 
Arabia differ according to many factors, such as gender, age and socioeconomic level. This 
study assessed the habitual food consumption habits of 300 school-aged boys (n = 150) and 
girls (n = 150) using a Food Frequency Questionnaire (FFQ). The questionnaire used in the 
study was based on the most common food products available in Saudi Arabia that are 
typically consumed by the people.
6.3 Study design
This was a cross-sectional study conducted during the 2008 school year. It included Saudi 
Arabian children (boys and girls) between the ages of 6 and 18 years who were randomly 
selected from intermediate and secondary schools in different regions of Jeddah.
6.4 Assessing food consumption patterns
The FFQ, which was translated previously from the original English into Arabic, included 
questions about the consumption of food items that are frequently consumed in Saudi Arabia 
as well as questions regarding the relative dietary importance of different foods for bone 
health. During the interview, the school children were asked about their eating habits and 
were specifically asked about how often they consumed various food items. This is 
described in detail in the Appendix B.
To increase the accuracy of the responses, the questionnaire was completed during a 
personal interview with each student rather than having the students reply to the questions in 
writing. To the best of our knowledge, no FFQ has addressed the consumption of foods rich
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in vitamin D and calcium by children and adolescents in the Arabian Gulf countries. 
Previous FFQs have mainly studied the dietary intake of commonly available foods over a 
3-day period. For this study, items were carefully selected for inclusion in the questionnaire 
in order to create a FFQ that focused on foods that contribute to bone health as well as foods 
that are part of the typical diet of Saudi children.
Therefore the questionnaire aimed to measure habitual food intake over a year, although this 
would not necessarily reflect the current nutritional status of the students. The nutritional 
status of children and adolescents is affected by many factors, including gender, physical 
activity, lifestyle factors, and psychological factors related to body weight perception, 
puberty and changes in the preference for varied foods. Although this FFQ was not validated 
previously, the questions include most foods that contain nutrients related to bone health. 
The purpose of the FFQ was to assess how often dairy products, meat, vegetables, fruits, and 
carbonated and caffeine drinks are consumed by Saudi children and adolescents.
6.5 Statistical analysis
The data were analyzed using the SPSS statistical software package (Version 19, 2010, 
Chicago, IL, USA). Data were analyzed using descriptive statistics that were determined for 
all variables. Data were checked for normality using the Kolmogorov-Smimov (K-S) test, 
and correlations were determined for a number of food items and vitamin D status.
6.6 Results
6.6.1 Consumption of milk and dairy products
This study assessed the consumption of dairy foods, such as milk, yogurt and ice cream, by 
Saudi school children. Cream and milk-based pudding are important foods that contribute to
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bone health. Milk in particular plays a major role in health and in a balanced diet throughout 
one’s lifetime, and milk is essential for normal growth and development in children. Milk is 
an important source of dietary calcium, protein, carbohydrates and minerals. Milk and dairy 
products also contribute to dietary vitamin D intake, especially when they are fortified. In 
brief, the children and adolescents were asked how many cups of milk they drink each day 
and about the fat content (full-fat or skimmed milk) and type (fresh, long-life or dried milk) 
they drank. They were also asked how many times per week they consumed milk products 
(yogurt, cream, ice cream, hard cheese, soft cheese and milk-based pudding).
The data showed that boys consumed more milk and milk products than girls, as shown in 
Figure 6.1. There was also a difference in the amount of milk consumed per day by boys and 
girls, as shown in Figure 6.2. A total of (61.3%) of girls and (19.3%) of boys did not drink 
milk. None of the girls drank more than 4 cups per day.
We also analyzed the data according to gender. Figure 6.3 and Figure 6.4 show the 
consumption of specific dairy products by boys and girls, respectively. The frequency of 
consumption of the different milk products was often greater in boys than in girls. The dairy 
product consumed the most by boys was milk beads pudding, which was consumed daily by 
(38%) of them. This was followed by cream, which was consumed daily by (34.7%) of boys. 
In contrast, the dairy product consumed most by girls was soft cheese, which was consumed 
daily by (68%), followed by milk-based pudding, which was consumed daily by (35.3%). 
The dairy product that was consumed the least often was yogurt: (16.7%) of boys consumed 
it daily compared to (35.3%) of girls.
241
Milk Yogurt Cream Ic cream Hard Soft Milk-
cheese cheese based
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Figure 6.1. Frequency of milk and dairy products consumption in school children (n=300).
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Figure 6.2. Frequency of milk consumption in school children (n=300)
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Figure 6.3. Frequency of diary product consumption in boys (n=150)
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Figure 6.4. Frequency of diary product consumption in girls (n=150)
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6.6.2 Consumption of eggs and meat
Eggs w ere the most frequently consumed food in this cohort; About (56% ) of b oys  
consumed eggs daily, while (16%) of girls consumed eggs daily. Comparing boys and girls, 
we found that the percentage of boys who did not eat eggs (31.3%) was higher than the 
percentage of girls who did not eat eggs (0.7%). Boys consumed eggs more frequently than 
girls Figure 6.5.
Figure 6.6 and Figure 6.7 show that in terms of overall meat consumption, boys consumed 
various kinds of meat (red meat, chicken and fish) more frequently than girls. The type of 
meat consumed most frequently by boys and girls was chicken (32.3% and 21.3%, 
respectively). Both boys and girls consumed chicken at least four times per week. In the 
group of boys, (8.7%) never ate chicken, (20.7%) never ate red meat and 2% never ate fish. 
In contrast, the percentage of girls who did not eat a particular type of meat was lower than 
the comparable percentages of boys: (58%, 2.7%) and (18%) of the girls did not eat red 
meat, chicken and fish respectively.
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Figure 6.5. Frequency of eggs consumption in school children (n= 300)
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Figure 6.6. Frequency of meat, chicken and fish consumption in hoys (n=150)
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6.6.3 Consumption of vegetables and fruits
In general in this cohort of 300 school children, boys consumed vegetables and fruits more 
frequently than girls. As shown in Figure 6. 8 and Figure 6.9 (6. 28%) of the girls and (2%) 
of the boys did not consume any vegetables at all. However, (40%) of the boys and (22%) of 
the girls consumed vegetables five times per week.
Regarding fresh fruit consumption, fruit was consumed two times per week by (26%) of the 
girls and six times per week by (15.3%) of the girls. A total of (4.7%) of the boys consumed 
fruit two times per a week, while (35.3%) ate fruit six times per week. Fewer boys (2.7%) 
than girls (20.7%) eonsumed no fruit on a weekly basis.
6.6.4 Consumption of fresh and canned fruit juice
Of the 300 children and adolescents, (6%) of the boys and (4%) of the girls consumed fresh 
fruit juiee daily, while (50.7%) of the boys and (24%) of the girls consumed no fresh fruit 
juice. Almost half of the students consumed canned fruit juice four times per week, with 
(56.7%) of the boys and 50% of the girls consuming it four times per week. Only (6%) of 
boys and (11.3%) of girls reported drinking no canned fruit juice as shown in Figure 6.10 
and Figure 6.11.
■ Boys
■ G irls
None 2 time /week 4 times /week 5 times /week 6 times /week
None, 2 times/week, 4 times/week, 5 times/wek, 6 imes/week.
Figure 6.8. Frequency of vegetables consumption in school children (n=300)
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Figure 6.9. Frequency consumption of fruits in school children (n=300).
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Figure 6.10. Frequency consumption of fresh fruit juice and canned juice in boys n=150
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Figure 6.11. Frequency consumption of fresh fruit juice and canned juice in girls n=150
6.6.5 Consumption of caffeine-containing and carbonated beverages and 
energy drinks
In addition to looking at the consumption of foods, the FFQ also examined each subject’s 
consumption of different types of beverages, such as red and green tea, coffee, carbonated 
drinks and energy drinks. The results are shown in Figures 6.12 and 6.13.
The subjects in this study drank tea more often than coffee. Most consumed red tea quite 
often: (28.7%) of boys consumed it daily as did (26%) of girls. Some boys (44%) and girls 
(14.7%) did not drink red tea at all. Green tea was consumed daily by (22.7%) of the boys, 
while (53.3%) consumed no green tea; (17.3%) of the girls consumed green tea daily, while 
(28.7%) did not drink it at all. The percentage of boys (58%) who did not drink either Arab 
or Turkish coffee was higher than the percentage of girls (24%). However, the percentage of 
boys who drank coffee every day, (22%), was approximately the same for girls (23%).
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Of the 150 boys, (88.7%) did not consume energy drinks, while (78%) of the 150 girls did 
not consume energy drinks. However, there was no difference between the percentage of 
boys (11.3%) and girls (10%) who consumed energy drinks daily. Only (12%) of girls 
consumed energy drinks twice a week.
A total of (86.7%) of boys and (51.3%) of girls consumed carbonated drinks daily, but few 
(8%) boys and (4%) girls consumed more than four cans per week. Only (2%) of boys and 
(17%) of girls never consumed carbonated drinks. The percentage of girls consuming 
carbonated beverages daily was (51.3%), while (4%) drank them four times per week. In 
contrast, the percentage of boys consuming carbonated beverages daily was just (88%) while 
(2%) did not drink carbonated beverages at all.
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Figure 6.12. Frequency consumption of caffeine-containing, carbonated beverages and energy drinks in 
boys n=150.
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Figure 6.13. Frequency consumption of caffeine-containing, carbonated beverages and energy drinks in 
girls n=150.
6.6.6 Water, bread and cereal consumption
There was a significant difference in the amount of water consumed by boys and girls, as 
shown in Figure 6.14. We found that (22.7%) of girls and 1.3% of boys consumed 1-2 cups 
of water/day, while (28.7%) of boys and (17.3%) of girls drank more than six cups of water 
per day.
We also looked at the consumption of different types of cereals (com flakes, bran flakes, 
cmnchy nut com flakes, sugar puffs, all-bran and wheat bran), as shown in Figure 6.15. We 
found that (41.3%) of girls and (3.3%) of boys ate cereal every day. The percentage of boys 
who did not eat any kind of cereal was (41.3%), while the percentage of girls was (8.7%). A 
total of (14%) of girls and (8%) of boys ate cereal more than six times per week.
In tenns of bread consumption, (49.3%) of boys and (43.3%) of girls consumed one serving 
of bread daily, and (46%) of boys and (40%) of girls consumed two servings of bread per
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day. Few children consumed more than two servings of bread per day (4%) of boys and 
(16%) of girls.
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Figure 6.14. Frequency consumption of water in school children (n=300).
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Figure 6.15. Frequency consumption of cereal in school children (n=300)
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6.6.7 Comparison of the consumption frequency of different food items
according to gender
The data for the different food items in the FFQ were tabulated into the SPSS statistics 
software. We compared the 150 boys and 150 girls to assess how often food items were 
consumed and determined the significance of the differences between genders. Table 6.1 
demonstrates that boys consumed significantly more frequently (P<0.01) milk, dairy 
products, meat, fish, vegetables and fruits than girls. However, girls consumed significantly 
more frequently (P<0.01) beverages (red tea and green tea), coffee, energy drinks, eggs, 
cereal and bread. There was no statistically significant difference between boys and girls in 
terms of the consumption frequency of chicken, fresh fruit juice and carbonated drinks.
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Table 6.1. Association between 250H D levels and frequency of consumption of various foods and
beverages in school children (n=300) according to gender.
Gender Level of
Consumption frequency Boys Girls significance
(times consumed/day or week) (n=150) (n=150) (P value)
Milk, cups consumed/day 1.93 [0.097] 1.09 [0.068] 0.000
Yogurt consumed/week 3.05 [1.15] 1.85 [1.18] 0.000
Cream consumed/week 1.53 [1.15] 1.05 [1.01] 0.000
Ice cream consumed/week 2.2 [1.14] 1.72 [1.04] 0.000
Hard cheese consumed/week 1.62 [1.18] .99 [1.09] 0.000
Soft cheese consumed/week 1.74 [1.32] 1.49 [0.82] 0.048
Milk-based pudding consumed/week 1.18 [1.03] 0.91 [1.03] 0.026
Eggs consumed/week 0.94 [1.2] 1.7 [1.3] 0.000
Chicken consumed/week 2.6 [1.2] 2.5[1.1] 0.426
Meat consumed/week 1.1 [0.89] 0.8 [1.1] 0.011
Fish consumed/week 2.2 [0.19] 1.02 [0.64] 0.000
Vegetables consumed/week 3.15 [0.93] 2.05 [1.56] 0.000
Fruits consumed/week 2.9 [1.03] 1.95[2.13] 0.000
Fresh fruit juice consumed/week 2 [1.1] 1.9 [1.2] 0.520
Canned fruit juice consumed/week 2.7 [0.95] 2.1 [1.2] 0.000
Coffee cup consumed/week 0.67 [0.93] 1.5 [1.1] 0.000
Red tea cup consumed/week 0.9 [0.97] 1.7 [1.02] 0.000
Green tea cup consumed/week 0.83 [1.1] 1.5 [1.1] 0.000
Carbonated drinks consumed/week 1.2 [0.66] 1.2 [0.76] 0.807
Energy drinks consumed/week 0.11 [0.32] 0.34 [0.68] 0.000
Cereal consumed/week 1.47 [1.4] 1.89 [1.2] 0.007
Bread consumption/day 1.55[0.78] 1.73 [0.72] 0.000
Water, cups consumed/day 2.9 [0.81] 2.3 [1] 0.000
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6.6.8 Correlations between 250HD status and consumption of milk and 
dairy products
The data were analyzed to determine whether there were associations between milk and 
dairy product consumption frequency and 250HD status. Table 6.2 shows the results of the 
analysis. There was a positive correlation in boys (P<0.01), with higher intake of milk and 
dairy products associated with higher 250HD status, and a similar positive correlation in 
girls (P<0.01), but there was not significant correlation (positive or negative) for soft cheese 
in girls. Notably, these correlations varied between high and low between boys and girls.
Table 6.2. Correlation between 250HD status and consumption of milk and dairy products in school 
children (n=300) according to gender.
Correlations
coefficient Milk/day
Yogurt
/week
Cream
/week
Ice cream 
/week
Hard cheese 
/week
Soft
cheese
/week
Milk-
based
pudding
/week
250HD status 
Boys (n=150)
0.647** 0.706** 0.479** 0.286** 0.301** 0.506** 0.303**
Significance 0.000 0.000 0.000 0.000 0.000 0.000 0.000
250HD status 
Girls (n=150)
0.833** 0.871** 0.236** 0.571** 0.249** 0.109 0.375**
Significance 0.000 0.000 0.004 0.000 0.002 0.185 0.000
**Correlation was considered significant at P< 0.01.
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6.6.9 Correlations between 250HD status and consumption of eggs,
chicken, meat and fish
The data were analyzed to determine whether there were associations between consumption 
of protein (meat, chicken, fish and eggs) and 250HD status. As shown in Table 6.3, there 
was a negative correlation (P<0.01) between weekly consumption of meat, chicken and eggs 
and 250HD status in both boys and girls. In contrast, there were positive correlations 
(P<0.01) between 250HD status and consumption of fish in boys and girls. Notably, these 
correlations were Vary between high and low between boys and girls.
Table 6.3. Correlation between 250HD status with consumption of eggs, chicken, meat and fish.
Correlation
coeffieient Eggs consumed/week
Chicken
consumed/week
Meat
consumed/week
Fish
consumed/week
250HD status 
Boys (n= 150)
-0.720** -0.443** -0.247** 0.588**
Significance 0.000 0.000 0.002 0.000
250HD status 
Girls (n= 150)
-0.439** -0.559** -0.593** 0.261**
Significance 0.000 0.000 0.000 0.001
**Correlation was considered significant at p< 0.01.
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6.6.10 Correlations between 250H D status and consumption of vegetables,
fruits fresh and canned juice.
The data were analyzed to determine whether there were associations between 250HD 
status and weekly consumption of vegetables, fruits and fresh and canned juice. Table 6.4 
shows that there was a significant positive correlation (P<0.01) between the consumption of 
vegetables and fruits and 25OH D status in boys. There was a negative correlation between 
250H D status and consumption of canned juice (P<0.02) in boys and girls (P<0.01). 
However, there were significant positive correlations between 250H D status and frequency 
of consumption of vegetables, finit and fresh juice (P<0.01) in girls.
Table 6.4. Correlation between 250H D status and consumption of vegetables, fruits and juice (natural 
and canned).
Correlation
coefficient
Vegetables
consumed/week
Fruit
consumed/week
Natural fruit 
juice/week
Canned fruit 
juice/week
250H D status 
Boys (n= 150)
0.729** 0.713** 0.366** -0.253**
Significance 0.000 0.000 0.000 0.002
250HD status 
Girls (n= 150)
0.825** 0.797** 0.828** -0.0524
Significance 0.000 0.000 0.000 0.000
**Correlation was considered significant at P< 0.01.
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6.6.11 Correlations between 250H  D status and consumption of caffeine-
containing beverages and carbonated drinks.
As shown in Table 6.5, there were significant negative (P<0.01) correlations between 250H 
D and the consumption frequency of all caffeine-containing beverages and carbonated 
drinks in boys. Results were similar in girls, except that 25OH D status was not significantly 
correlated (P<0.27) with the consumption frequency of carbonated drinks in girls.
Table 6.5. Correlation between 250HD status and the consumption of caffeine-containing beverages and 
carbonated and energy drinks.
Correlation coefficient
Coffee
cups/week
Red tea 
cups/week
Green tea 
cups/week
Carbonated
drinks/week
250H  D status 
Boys (n= 150)
-0.685** -0.803** -0.554** -0.291**
Significance 0.000 0.000 0.000 0.000
250HD status 
Girls (n= 150)
-0.751** -0.724** -0.302** 0.089
Significance 0.000 0.000 0.000 0.279
**Correlation was considered significant at P< 0.001.
6.6.12 Correlation between 250H D status and consumption of different 
types of cereal, bread and water
Table 6 . 6  shows the correlation between consumption of some macronutrients, such as some 
kind of fiber and polysaccharides (different kinds of cereals and bread), as well as how 
many cups of water were consumed per day. For boys and girls, there was a significant
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negative correlation (P<0.001) between 250H D status and the amount of cereal consumed. 
In contrast, there was a significant positive correlation (P<0.001) between 250H D status 
and amount of bread consumed for boys and a significant negative correlation (P<0.001) 
between 250H D status and amount of bread consumed for girls. There was no significant 
correlation between the amount of water and 250H D status in either boys or girls.
Table 6.6. Correlation between 250HD status and consumption of cereal, bread and water.
Correlation
coefficient Ccrcal/day Bread/day Water, cups/day
250HD status 
Boys (n= 150)
-0.893** 0.352** 0 . 1 1
Significance 0 . 0 0 0 0 . 0 0 0 0.180
250HD status 
Girls (n= 150)
41223** -0.751** 0.77
Significance 0.006 0 . 0 0 0 0.346
**Correlation was considered significant at P< 0.001.
6.6.13 Influence of some nutrient intake (milk & fish) which have a role to 
raising vitamin D status.
School children were divided in to five groups according to milk consumption (none, 1 
cup/day, 2 cup/day, 3 cup/day and 4 cup/day) There was a significant trend for low vitamin 
D status with low milk consumption and this trend were demonstrated in Figure 6.16 and 
Figure 6.17. While we classified the school children who consume the fish /week in to five 
groups (none, 1 time/week, 2times/week, 3times/week and 4times/week). Fish intake was 
positive associated with vitamin D status .A higher fish intake associated with increase the 
level of vitamin D status, as shown in Figure 6.18 and Figure 6.19.
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Figure 6,16 . Mean of milk consumption and their response on cutoff 250H  D in boys
C u to ff  v itam in  D
Figure 6.17. Mean of milk consumption and their response on cutoff 250H  D in girls.
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C u to ff  v itam in  D nmol/L
Figure 6.18. Mean of fish consumption and their response on cutoff 250H  D in boys.
C u to ff  V itam in  D
Figure 6.19.Mean of fish consumption and their response on cutoff 250H  D in girls.
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6.7 Discussion
Saudi Arabia has undergone unprecedented growth and development in the last few decades. 
There have been major improvements in public services, particularly in health, education, 
and social services. The agricultural sector is also flourishing, with heavy investment 
underway Ministry of Planning (Demographic, 1999). Saudi Arabia has experienced rapid 
societal and cultural changes that can be attributed to the rapidly growing economy in the 
Arabian Gulf region. There have been major changes in food choices and eating habits, with 
the diet in Saudi Arabia becoming more and more Westernized. Currently, human nutrition 
research focuses on daily intake of food and nutrients, despite awareness that nutrition- 
related diseases can be prevented by adopting healthy lifestyles and food habits.
This study assessed the habitual food consumption of randomly selected school-aged boys 
(n=150) and girls (n=150) in Saudi Arabia using the FFQ. The questionnaire used in the 
study was based on the most common food products available in the country that are 
typically consumed by the people of Saudi Arabia. The nutritional habits and food 
consumption patterns of school children in Jeddah, Saudi Arabia differ according to gender, 
age and socioeconomic level. This study assessed the consumption of dairy foods, such as 
milk, yogurt, cheese and ice cream, by Saudi Arabian boys and girls. The study showed that 
consumption of milk was not significantly different in boys and girls (P<0.112), although 
the type of milk (fresh, dried or long-life milk) consumed by boys and girls differed. 
Socioeconomic factors played a role in the selection of the kind of milk. Boys consumed 
yogurt more frequently than girls. Yogurt is nutritionally rich, with high levels of protein, 
calcium, riboflavin, vitamin B6  and vitamin B12. It also has nutritional benefits beyond 
those of milk. The consumption of cream and milk-based pudding was almost same in boys 
and girls. However, boys ate cheese (either soft or hard) and cream more frequently than 
girls. Cheese is valued for its portability, long life and high levels of fat, protein, calcium 
and phosphorus. Results in this study showed that Saudi Arabian girls consumed milk and 
milk-based products rather infrequently. In the past, nutritional guidelines recommended
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daily consumption of 800 to 1500 mg of calcium, mainly from dairy products, to prevent 
osteoporosis. However, the findings of prospective studies have raised questions about the 
efficacy of dairy product consumption for the promotion of bone health (Barasi, 2007). The 
National Academy of Sciences has recommended that sufficient dietary intake of calcium is 
essential in children and adolescents to improve peak bone mass and to avoid fractures and 
osteoporosis later in life (Davis and Saltos, 1999).
Current research shows that calcium intake by young women is significantly below the 
recommended amount (Kass-Wolff, 2004). Increased dietary intake of calcium during 
childhood, usually in the form of calcium from milk, is associated with increased bone mass 
in adulthood. This is important for lessening the risk of fracture later in life (Abahussain et 
al., 1999) studies have looked at the nutritional status of adolescent girls in Saudi Arabia 
(Al-Sekait et al, 1992). This study showed that the health and nutritional problems of Saudi 
adolescent girls include underweight, obesity, iron deficiency, anemia and dental caries. 
Health issues in the Gulf region include nutrition-related non-communicable diseases and 
chronic non-communicable diseases, such as cardiovascular diseases, coronary heart 
disease, type 2  diabetes mellitus, hypertension, metabolic syndrome and certain cancers. 
These diseases are associated with overweight and obesity (Dehghan et al., 2005).
This study showed that there was a significance difference between boys and girls (P<0.03) 
in terms of the daily and weekly consumption of eggs, with girls consuming eggs more 
frequently than boys. Eggs supply all essential amino acids for humans and provide several 
vitamins and minerals, choline, iron, calcium, phosphorus and potassium. Eggs are also a 
single-food source of protein, and consuming eggs helps avoid health-related issues. When 
we looked at overall meat consumption, we found that the percentage of boys who 
consumed various kinds of meat (red meat, chicken and fish) was higher than the percentage 
of girls. The various meats provide protein, which is needed for normal growth and 
development. Several studies report a relationship between protein intake and bone mineral 
density (BMD). Protein and alkalizing minerals play a key role in bone status, not only in 
the elderly, but also in children and adolescents (Madani et al., 2000).
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There is some controversy about the effect of high dietary protein consumption on bone 
health. While some studies show a positive effect of high protein consumption on BMD in 
the elderly(Promislow et al., 2002, Rapuri et al., 2003) and in children and 
adolescents(Alexy et al., 2005), others have shown a negative effect, especially with regards 
to animal protein consumption of higher protein diets promoted decreased bone mineral 
density (Weikert et al., 2005, Campbell and Tang, 2010) Furthermore, the association is 
widely dependent on other factors, such as the intake of calcium and consumption of fruits 
and vegetables (Ginty, 2003).
Some of the children in this study consumed a fairly large amount of meat. This might be 
due to consumption of fast foods. Although it was not measured in the FFQ, many children 
told the interviewer that that ate a considerable amount of fast food. The consumption of fast 
foods has increased dramatically in children as the number of fast food restaurants has 
increased. Fast food is generally very popular among children and adolescents. A study of 
4,746 American students aged 11-18 years reported that about 75% eat at a fast-food 
restaurant during the week. Fast food has more calories and fat as well as fewer healthful 
nutrients (Ackard et al., 2003), Moreover there was a study has been proved that, the 
association of fast food intake with viewing television by preschool-age children increase 
the consumption of unhealthful foods (Taveras et al., 2006).
The increasing prevalence of obesity is an alarming problem that has been described by the 
World Health Organization (WHO) as an “escalating global epidemic.” As many as 22 
million children under the age of 5, as well as 155 million school children, are severely 
overweight (Kosti and Panagiotakos, 2006). Overweight and obesity have increased among 
children in recent years. The logical explanation for this is that modernization and increased 
affluence have resulted in increased food consumption and a sedentary lifestyle. 
Consumption of unhealthy foods that lack antioxidants and anti-inflammatory 
micronutrients has been shown to lower pulmonary function and increase respiratory 
symptoms in American adolescents (Bums et al., 2007).
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Nutrients, including potassium and magnesium, and foods such as fruits and vegetables help 
preserve BMD in elderly subjects (Rafferty et a l, 2005). Tylavsky et al. (2004) reported a 
correlation between fruit and vegetable consumption and bone density in adolescent girls. 
Notably, bone density is a significant independent predictor of bone area and bone mineral 
density (Tylavsky et al., 2004). Lanham (2006) showed that there is a positive relationship 
between finit and vegetable consumption and indexes of bone health. Further, in older 
women, a “finit and vegetables” approach may provide a natural therapy option for 
osteoporosis treatment (Lanham-New, 2006). Increasing facts higher fruit and vegetable 
intakes may have positive effects on bone health in both younger and older age (Prynne et 
al., 2006). Furthermore fruits and vegetables are water-rich and the higher fiber content that 
might decrease the sugar in blood leading to a reduction in hunger and subsequent energy 
intake which reduce weight gain (Pereira and Ludwig, 2001).
The consumption of vegetables and fruits was not significantly different between Saudi 
Arabian boys and girls. This study looked not only at food consumption in children, but also 
at the consumption of beverages like tea, coffee, carbonated drinks and energy drinks. The 
weekly consumption of red tea was higher in Saudi girls than boys, and this difference was 
significant. In contrast, consumption of green tea is higher in Saudi boys than girls. Both red 
tea and green tea are rich in phytochemicals called polyphenols that are strong antioxidants. 
These antioxidants can protect cells from damage that could otherwise lead to health 
problems such as cancer and heart disease. The consumption of carbonated and caffeine- 
containing beverages was not significantly different between boys and girls in this study. 
However, coffee consumption was higher in girls than boys. Coffee contains several 
compounds that are known to affect human body chemistry. In particular, coffee contains 
caffeine, a potent stimulant. Health benefits associated with coffee include a reduced risk of 
dementia, diabetes, high blood pressure and prevention of dental caries. However, high 
levels of coffee consumption can lead to anemia in females. Anemia, especially iron 
deficiency anemia, is highly prevalent in adolescent girls in Saudi Arabia. Strikingly, 
research showed that 50% of adolescent girls in Riyadh, the capital of Saudi Arabia, are 
anemic (Al-Othaimeen, 1999).
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Currently, consumption levels of carbonated drinks are relatively high. An evaluation of 
fluid consumption in 12-13 year old Saudi adolescents showed that water makes up (37%) 
of all fluids consumed, whereas carbonated drinks, milk, and tea/coffee make up (25%, 7% 
and 5%), respectively (Bello and Al-Hammad, 2006). It is particularly alarming that these 
adolescents consumed more carbonated drinks than milk; thus, it is desirable to halt or vastly 
decrease the consumption of carbonated drinks by teens.
A 2003 cross-sectional study of Irish adolescents that included 1335 boys and girls aged 12- 
15 years investigated the relationship between carbonated soft drinks and bone health. 
Higher intake of carbonated soft drinks was significantly associated with lower heel BMD in 
girls but not in boys, even though boys consumed more soft drinks than girls (McGartland et 
al., 2003).
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6.8 Conclusion
The adolescent growth period is a critical time for bone development, and nutrition and 
lifestyle factors during this period have important consequences for peak bone mass 
attainment.
The diet of typical Saudi Arabian children and adolescents include a number of unhealthy 
food items. Overall, we found that milk and milk product intake was low in Saudi children, 
with girls consuming less than boys. Other than baby and infant foods, few fortified foods 
are available for children. This situation needs to be addressed. Unfortunately, the increasing 
popularity and consumption of carbonated drinks, along with limited finit and vegetable 
consumption, mean that consumption of milk and milk products is likely to decrease further.
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CHAPTER 7
GENERAL DISCUSSION
267
Vitamin D status, which was the topic of the current study, is now receiving considerable 
attention worldwide. Vitamin D deficiency is widespread and has become a major global 
health problem. The impact of vitamin D deficiency and insufficiency is so alarming that 
many countries are mounting public health programs that aim to reduce its incidence and 
severity.
The primary aims of this study were to investigate differences in vitamin D status in male 
and female Saudi Arabian school children and to determine the implications of 
hypovitaminosis in adolescence for bone disease risk. This kind of research is helpful 
because vitamin D is related to other factors involved in bone health, such as bone mineral 
density (BMD) and bone turnover biomarkers. We collected data in order to compare bone 
health measures between boys and girls of different ages. Currently there is scant published 
data that address the vitamin D status of Saudi children living in the western part of the 
country (Jeddah).
Arabian Gulf countries, especially Saudi Arabia, are very concerned about vitamin D 
deficiency as most Arab children and pregnant and lactating women, as well as most 
adolescents and adult males, have critical vitamin D and calcium deficiencies. These 
deficiencies pave the way for diseases such as anemia, osteoporosis, multiple sclerosis, 
cancer, diabetes, cardiovascular disease, obesity and body pain, among others (Musaiger et 
al., 2011). This study was carried out to study the associations between vitamin D 
deficiency/insufficiency and nutritional habits and lifestyle factors and to study the effects of 
these factors on peak bone mass attainment (PBM). We also assessed the influence of the 
following non-nutritional factors on PBM: lifestyle, physical activity, sunshine exposure, 
smoking, parity, bone pain, education, economic status, fracture history and extent of 
veiling. We investigated the association between body weight and 250HD status to 
determine whether a higher BMI was associated with lower 250HD levels in study samples, 
and we assessed bone health using dual-energy X-ray absorptiometry (DXA), broadband 
ultrasound attenuation (BUA) and bone turnover markers. We looked at the dietary intake of 
key foods and food groups in boys and girls to see if there were any nutritional associations
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with 250HD status or indices of bone health in Saudi children aged 6-18 years. Our data 
and findings were compared with those from several studies of children of similar ages that 
were conducted elsewhere.
This study involved a total of 300 school children (150 boys and 150 girls) aged 6-18 years 
who attended government schools in Jeddah, Saudi Arabia. The findings revealed significant 
differences between boys and girls that depended on a number of factors. Because Saudi 
Arabia has plenty of sun, it is hard to believe that vitamin D deficiency is so prevalent in the 
entire population. In this way, Saudi Arabia is similar to other Middle Eastern and Arabian 
Gulf countries. The results of our study showed that vitamin D levels in school children 
were extremely low (< 25 nmol/L) in 24.7% of the entire study (boys and girls) group 
represented in 32% of boys and 52% of girls. In older girls aged 15-18 years, we found that 
64% had severe hypovitaminosis (vitamin D levels < 25 nmol/L). We found that 250HD 
levels were higher in boys than in girls in all age groups i.e. 6-9 years, 10-12 years, 13-14 
years and 15-18 years. This indicates a serious problem in young girls, none of whom have 
sufficient levels (> 75 nmol/L) of 250HD. These results are in agreement with a recent 
studies by Mansour and Alhadidi (2012) and Kensarah and Azzeh (2012) that found a higher 
incidence of hypovitaminosis D in girls than in boys (p < 0.001) (Kensarah and Azzeh ., 
2012, Mansour and Alhadidi, 2012).
Several studies report that the 250HD levels in Saudi adolescents are very similar to levels 
in adolescents in other Gulf countries but are lower than levels in adolescents in other in 
Middle Eastern countries and Iran. This may be due to similarities in the lifestyle and 
nutritional habits of people in the Arab Gulf countries and to differences in these countries 
compared to those in Iranian culture. Our findings showed that Saudi adolescents had 
consistently lower 250HD levels than their American and European counterparts.
The study done by Lips (2007) showed that there are similarities as well as differences 
between the vitamin D status of Europe, Middle East and Asia. He found that vitamin D 
status vary highly among the elderly people during the winter in European countries
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compared to the deficiency rates in the Middle Eastern Countries, they showed higher 
prevalence for hypovitaminosis D associated to life style factors mainly. (Lips., 2007).
To investigate why vitamin D levels were lower in Saudi adolescents than in other 
adolescents in the region, despite the abundant sunshine, we looked at both lifestyle factors 
and nutritional intake. Unfortunately, the relatively high incomes of Saudis and other people 
in Arab Gulf countries are reflected in their lifestyles and nutritional habits. Over 90% of 
people work indoors during the day, reducing their exposure to direct sunlight. Because of 
the excessive heat in Saudi Arabia, people avoid the sun during the day, since sun bathing 
carries a risk of heatstroke. The clothing dictated by cultural norms covers most of the skin, 
reducing exposure to sunlight even further. Finally, the physical activity of Saudis is almost 
nil, not only in the workplace or in the house, but also during leisure time.
In recent decade, the dietary habits of the Saudi people have become more westernized, with 
increased intake of high-fast foods. Vitamin D deficiency and/or insufficiency is now 
observed in most healthy Saudi children, a finding explained in part by dietary and cultural 
habits, genetics and skin pigmentation (Al-Othman et al., 2012). In our study, investigation 
of the nutritional intake of Saudi children showed that children do not consume the 
recommended allowance of vitamin D, which is 800 lU. For this reason, supplementation of 
food with vitamin D, as in countries like the US and the UK, is recommended. The recent 
recommendation of the Germany Dachverband Osteologie (DVO), which is a joint 
organization comprised of scientific societies in Germany and other European countries, is 
consumption of 800 lU to 2000 lU; DVO further proposes 1500 lU to 2000 lU as the 
optimal daily dose (Leidig-Bruckner et al., 2011).
Cultural norms in Arab and Muslim countries encourage people, especially women, to dress 
very modestly, resulting in reduced exposure to sunlight. This contributes to vitamin D 
deficiency. There are variations in veiling: whereas a hijab covers the body, but not the face 
and hands, a niqab covers the face and hands as well. Wearing these clothes has been shown 
to affect the levels of vitamin D in girls. Specifically, girls and women who wear a niqab 
have lower vitamin D levels than those wearing a hijab. The underlying cause is clear a
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niqab reduces exposure to the sun even more than a hijab, impairing or preventing 
endogenous production of vitamin D.
When we compared the results of our study with those of other studies, we found that veiled 
ethnic Danish Muslims also have vitamin D deficiency that is the result of a combination of 
limited exposure to sunlight and low consumption of vitamin D. It is currently 
recommended that daily oral intake of vitamin D should be increased to at least 800 lU in 
women and 400 lU in children to ensure adequate vitamin D stores (Glerup et al., 2001).
Covering of the skin with any type of clothing prevents the cutaneous production of 
cholecalciferol. Cultural influences over option of clothes have considered one of the 
reasons to vitamin D deficiency. Cultures such as Bedouins living in the Negev Desert that 
require most skin surfaces to be covered by clothing are more prone to developing vitamin D 
deficiency (Holick,. 1994). A study with human volunteers wearing fabrics made out of 
white or black cotton, wool, or polyester exposing to simulated sunlight for up to 40 mm 
showed no elevation in circulating concentrations of vitamin D (Holick,. 1995). Studies 
conducted in Turkey included women and adolescent girls reported very low vitamin D 
levels due to covering the whole body except the eyes, with black gloves and black socks 
and limited outdoor activity (Guzel et al., 2001, Hatun et al., 2005).
It is important to note that vitamin D deficiency can be attributed to many causes, such as 
atmospheric pollution, geographic latitude, season and religious practices that restrict 
sunlight exposure, and diet (Dahifar et al., 2006).
We also found that socioeconomic variation in the population correlated with higher or 
lower vitamin D levels and the number of fragility fractures. This is unfortunate, as poorer 
health is a heavy social and economic burden that is borne by successive generations who 
themselves may have suffer from severe hypovitaminosis D and other health issues since 
infancy (el-Sonbaty and Abdul-Ghaffar, 1996, Grover and Morley, 2001, Guzel et al., 2001, 
Hobbs et al., 2009).
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There have been many publications describing the relationship between vitamin D status 
and PTH. Studies found different thresholds based on participants' age, race and on gender. 
(Sai etal., 2011). Numerous studies confirmed the inverse correlation of 250HD and 
parathyroid hormone (PTH). Together, low 250HD and high PTH lead to secondary 
hyperparathyroidism, which negatively affects bone metabolism and confers a higher risk of 
osteoporosis (Islam et al., 2012).
In our study, we measured the level of PTH in all subjects, and we predicted that the level 
of PTH would be much higher in the girls than in the boys. In contrast, when we analyzed 
PTH data according to estimated pubertal status, we found significant differences between 
pre- and post-pubertal boys and girls.
Calcium and phosphorus are nutrients that are considered important in children and 
adolescents for attainment of peak bone mass. In the Saudi adolescents we studied, there 
was no significant correlation between 250H D and PTH or calcium in the boys, but there 
was a significant inverse correlation between 25OH D and PTH and a positive correlation 
between 250H D and calcium in girls. Thacher et al. (2010) did not find an association 
between 250H D and calcium absorption in children who had low-calcium diets (Thacher 
and Abrams, 2010). The relatively low BMD and BMC values of Saudi children are the 
result of vitamin D deficiency. As we know, during childhood and adolescence there are 
simultaneous changes in BMD and BMC that establish a link between the development of 
bone physiology and a real BMD date (Rauch and Schoenau, 2001). Van Rijan and their 
colleagues(2003) reported "Children pose a unique problem for those involved in the field 
of bone densitometry, because as time progresses the measured subject changes in shape and 
volume."(van Rijn et al., 2003). Other studies conclude that the increase in BMC and BMD 
with age/puberty reflects bone growth rather than bone density/mineralization (Gilsanz et 
al., 1998, Bailey et al., 1999, van der Sluis et al., 2002).
Van der et al. (2002) provides reference values for BMD and BMC as measured using DXA 
in 444 healthy white children and young adults aged 4-20 years. That study found an 
increase in BMD around age 13 in girls and at approximately age 15 in boys Table 7.1
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7.1. Reference data for bone mineral content (BMC) and bone mineral density (BMD) according to 
Tanner stage in white children (van der Sluis et al., 2002).
Tanner Stage
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Boys 101 35 19 57 56
BMCTB 1178r341 1785D071* 2099(5081* 2823(655]* 3224(509]*
BMDTB 0.88[0.07] 0.96[0.07]* 1.00(0.09] 1.17(0.17]* 1.21(0.16]*
BMDLS 0.71[0.10] 0.83[0.09]* 0.88(0.14] 1.09(0.17]* 1.21(0.16]*
Girls 84 23 35 91 134
BMCTB 1067[242] 1539[296]* 1836(295]* 2369(477]* 2724(469]*
BMDTB 0.85r0.061 0.94(0.061* 0.97(0.07] 1.09(0.09]* 1.17(0.08]*
BMDLS 0.72[0.09] 0.84(0.09]* 0.96(0.14]* 1.14(0.15]* 1.25(0.16]*
Correlation was considered significant P<0.01
A similar study by Arabi et al. (2004) of 363 healthy Lebanese children and adolescents 
aged 10-17 years old found that age and puberty had significant effects on all bone 
parameters (Arabi et al., 2004). Another study that compared body size, composition, and 
whole body bone mass in North American and South African children reported 
environmental, genetic and ethnic influences on bone mass in pre-pubertal children in both 
countries (Micklesfield et al., 2007). Our study found significant differences between boys 
and girls in terms of BMD and BMC. There was a significant positive association between 
body weight, age and BMD at all sites in girls. Thus, several factors affect bone health 
parameters.
Gilsanz et al. (2007) reported that the interpretation of DXA bone studies in children is 
considerably more challenging than in adults and that osteoporosis in children is often 
misdiagnosed when DXA measures are used (Gilsanz and Wren, 2007). The current dietary
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habits of children and adolescents may have detrimental consequences for their health. 
These habits include excessive intake of soda, sweet beverages and fast food and inadequate 
intake of fresh fruits, vegetables, fiber-rich food and other calcium-rich foods. Reduced 
levels of physical activity and increasing obesity rates also have adverse health 
consequences and highlight the need to modify both the diet and lifestyle characteristics of 
this age group (Rampersaud et ah, 2005). Human nutrition research focuses on daily intake 
of food and nutrients, despite awareness that nutrition-related diseases can be prevented by 
adopting healthy lifestyles (James, 1988). Nutritional rickets caused by vitamin D deficiency 
and low dietary calcium represents a major health problem in many parts of the world 
(Pettifor, 2008).
Boys and girls have similar nutritional needs before puberty. However, the nutrient needs of 
both rises sharply during adolescence (Story and Stang, 2005). The prevalence study that we 
conducted assessed the nutritional habits and food consumption patterns of school children 
in Jeddah and found that boys consumed more milk and dairy products than girls. Dairy is 
an important source of many nutrients for growing children, and low intake of dairy 
products in early childhood may promote the acquisition of excess body fat (Moore et al., 
2006).
Al-Musharaf et al. (2012) conducted a cross-sectional study involving 331 Saudi children 
and adolescents aged 6-17 years to look at vitamin D deficiency and dietary calcium intake 
(Al-Musharaf et al., 2012). This group observed that the girls had significantly lower 
vitamin D levels than the boys and found higher levels of vitamin D in children with 
calcium intake >800 mg/day. Nutritional guidelines recommend consumption of 800 to 1500 
mg of calcium daily, mainly from dairy products, to prevent osteoporosis. The National 
Academy of Sciences has recommended that sufficient dietary intake of calcium is essential 
in children and adolescents to improve peak bone mass and to avoid fractures and 
osteoporosis later in life (Barasi, 2007).
There is controversy concerning the relationship between dietary protein and bone 
metabolism. Although some studies show that protein intake is detrimental to bone health.
274
others report a beneficial effect (Darling et ah, 2009; SA Lanham-New et ah, 2007). Our 
study looked at the consumption pattern of dietary protein (red meat, chicken and fish) and 
found that boys consumed various kinds of meat more frequently than girls. This was due 
mainly to the consumption of fast foods, which is popular among adolescents. In contrast, 
the consumption of vegetables and fruits and beverages such as tea, coffee, carbonated 
drinks and energy drinks was not significantly different between the boys and girls in our 
study.
A study done by Biing-Hwoan (2002) reported a greater intake of fmits and vegetables is 
associated with lower risk of overweight in children (Lin and Morrison, 2002). Cross- 
sectional analyses of the Third National Health and Nutrition Examination Survey 
(NHANES III) have proven an inverse association between central obesity and intake of 
fiaiits, vegetables and dairy products (Bradlee et ah, 2009).
Notably, carbonated soft drinks, coffee, sugar, caffeine and fruit juice drinks are associated 
with diseases and conditions such as obesity, bone loss, diabetes and tooth decay (Kim et ah, 
2011). Carbonated beverage intake during childhood and adolescence has predictive effects 
on nutrient intake and is associated with a diet that is higher in added sugars and lower in 
protein, fiber, calcium, vitamin D, magnesium, phosphorous and potassium (Fiorito et ah, 
2010).
Study done on 9433 school children boys and girls ages 10-19 years, that found correlation 
between sugar-sweetened carbonated beverage consumption and poor dietary choices such 
as fast food meals in both gender with significant BMI > 95‘^  increased with age in boys 
than girls (Collison et ah, 2010).
To summarize, the typical diet of Saudi Arabian children and adolescents includes many 
unhealthy food items, most of which have very low levels of calcium and vitamin D.
In humans, a substantial amount of vitamin D is formed by the skin via photo conversion 
after exposure to sunlight. The amount of vitamin D that is synthesized endogenously 
depends on the individual’s exposure to UV irradiation. Variations in ancestry, skin
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pigmentation, socioeconomic status, food intake and eating habits and physical activity are 
likely to result in variations in the amount of endogenous vitamin D that is produced. 
Unfortunately, the characteristics of these factors in typical Saudi children make them more 
prone to developing osteoporosis. Therefore, it is recommended that Saudi children receive 
a daily vitamin D supplement containing at least 800 lU of vitamin D and that the total 
intake of calcium, including calcium from supplements, be about 1200-1500 mg/day. 
Further studies are needed to follow-up and further assess the nutritional habits and food 
intake of children and adolescents. The use of a 3-day food diary would help us estimate the 
total nutritional intake of adolescent girls.
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7.1 Limitations of the study
Despite the excellent facilities available in the Joint Supervision Program at King Abdulaziz 
University and the strong support of following up supervisors to students. This work has 
some limitations; in particular, there were some difficulties in determining the differences 
between boys and girls there are listed below:
• There is a scarcity of information about vitamin D status in Saudi Arabia children, and 
the extent of vitamin D deficiency and the associated risk factors that are relevant to our 
population are not yet clear.
• Unfortunately, the frequency questionnaire given to the 300 school children (150 boys 
and 150 girls) and their parents, so we could not compare the answers. This introduced some 
uncertainty. As mentioned before, we only had DXA and BUA data for 78 out of the 300 
children, as the parents of the other children did not provide permission for us to perform 
these measurements.
• The study population ranged in age from 6-18 years. The sample was divided into two 
sub-groups, depending upon whether their answers to the questions seemed honest and 
certain. For the youngest children, i.e. those between 6-12 years, the answers were mostly 
uncertain, even those they gave their parents. In older children (aged 12-18 years), the fake 
answers.
• The questionnaire focused on the food intake of the children on a daily basis. It did not 
focus on the quantity of food or on the portion content during 24-hour periods; therefore, we 
were unable to measure the nutrient intake of the adolescents and correlate nutrient intake 
with bone health.
• Saudi society and the Saudi population is very conservative and modest. This presented a 
problem for me in determining Tanner stage. It was very difficult to be sure of the accuracy 
of the dates or ages of the commencement of menarche for girls or puberty in boys. I tried to
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overcome this both in girls and boys by using direct questions, but there was some 
speculation or ‘best guessing’ involved.
• The absence of references values for vitamin D and other parameters for children in Arab 
countries forced me to compare my results with reference values derived from US and 
European data.
• The lifestyles of children in Saudi Arabia are totally different than those of children in the 
US and UK in terms of the style of clothing, housing, eating habits and even socioeconomic 
status. In particular, 90% of the activities of Saudi children are indoors, so that these 
children avoid sun exposure for almost their entire lives. Therefore, it is not ideal to compare 
values obtained in this study with those from studies conducted in the US or UK.
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7.2 Conclusion
Vitamin D is a vital nutrient for human health. Vitamin D deficiency is a worldwide 
problem as most of the people are in its grip. The deficiency and insufficiency of this 
vitamin can lead to several unending problems in the health condition of the people on this 
globe. Vitamin D is endogenously synthesis by exposure to sunlight and is rich in a few 
items like fatty fish, milk products and cereals. But the quantity content of vitamin D in 
these materials is not enough to the already modest allowance, comparing to the production 
of vitamin D in our body with sun exposure for a few minutes. Dietary supplements about 
2500 mg per day for an adult will not always give adequate vitamin D, and therefore 
exposure to sunlight is the best essential for that. The recent developments in the studies on 
vitamin D prove that it is what regulates a series of biological processes such as cell 
division, cell turnovers, differentiation and the like.
Osteoporosis which is a complicated and multifaceted condition is characterized by low 
bone mass and impaired micro-architectural structure of bone, leading to a higher level 
susceptibility to fractures. It is known that most of the bone strength in quality and quantity 
is determined genetically, but many other factors such as nutritional, environmental and 
lifestyle also decide upon it. Nutrition is an important factor in the development. 
Maintenance and restoration of bone mass. It also helps prevention and effective treatment 
of osteoporosis. It is estimated that 80-90% of the mineral content of bone consists of 
calcium and phosphorus. Other dietary elements like protein, zinc, magnesium, copper, 
fluoride, iron, and several vitamins including D are required for the normal functioning or 
metabolism of bone, whereas the other ingested compounds like caffeine, alcohol and 
phytoestrongens though do not come under the purview of nutrients also impact upon bone 
health. Unraveling the interaction of these different factors such as nutritional, lifestyle, 
heredity and environment it is wise to conclude that vitamin D deficiency is very critical by 
its function in our body.
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The documentary evidences prove that vitamin D deficiency is rampant among our populace 
and a very fact is attaining alarming proportions. The most affected people are the dark 
skinned ethnic groups in Asia and Africa. The sunny countries of Gulf region are also fallen 
prey to the deficiency and insufficiency of this life giving vitamin. The women of the Arab 
world are the most hit people of the world as they cover their bodies with veils keeping 
away from the sunlight. The epidemiological researches have established unequivocally 
about the correlation between vitamin D deficiency and diseases in the bone and other 
organs of our body including brain, lungs and heart, and that it helps strengthening the 
immune system. Therefore enough exposure to sun is required, if not the deficiency or 
insufficiency shall be supplied through dietary supplements, failing will face people long 
standing consequences.
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7.3 Recommendation.
Since vitamin D deficiency affects the total immune system of the body and determines the 
health of an offspring throughout its journey of life from infant to adolescence and from 
adolescence to adulthood and old age, the government machineries of the world should 
interact with each other and take immediate steps on war foot basis to extend their help to 
each other of their counterparts in combating vitamin D deficiency and calcium metabolic 
syndrome thereby enabling the humanity to keep a very strong and healthy populace to mark 
the future of the world.
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7.4 Future Work.
The present study investigated the level of vitamin D in school children boys and girls under
effect of multi factors such as food intake habitués, time exposed to sunlight, physical
activity etc. but there are several other factors must be studied intensively to approach to
the role of the vitamin D on bone health such as:
• Study the different materials of Abyah and Hejab to estimate which material was good 
for absorbing UV-B.
• Use (polysen film techniques); to determine the extent of available of UVB exposure in 
the Saudi Arabian environmental to compare with other countries (Eastem+Westran) 
and estimate the amount of vitamin D can gain in 10 minutes in different countries.
• Determine the effect of life style on vitamin D statues and bone health in boys and girls 
including fracture history of subject and the relative.
• The bone formation and bone resorption markers on these children and the correlation to 
hypovitaminosis, due to the limit data available to date which does not provide 
convincing evidence for a relationship between 25(OH) D level and bone turnover 
markers in those young children.
• Examine the vitamin D status in three trimester months of pregnancy woman and the the 
impact of this shortage on newborns and mothers,
• Study effect of sun light exposure and veiling on antioxidant agent such as Seliuum and 
it is effect on vitamin D status.
• Longitudinal study crosses country to determine the BMD in all population.
• Can bone turnover marker (BTM) predict bone mass density (BMD).
• The traditional Saudi food is highly protein. Dose highly protein intake causes high loss 
bone? or causes high fracture?
• What is effect of fruit and vegetable in take on Saudi population.
• Vitamin D receptors exist in all cells, dose there environmental and genetic effect on 
these receptors.
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• What is the effect of vitamin D, calcium, or combined vitamin D and calcium intakes on 
some chronic disease, such as cardiovascular diseases, body weight outcomes, cancer, 
diabetic and fractures.
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4- The  p r o c e d u r e  of  b lood  col lec t ion  is to ta l ly  as well  k n o w n  
clinically m e t h o d  a n d  t h e  a m o u n t  o f  b lo od  c o l le c t ed  n o t  
e x c e e d e d  10ml.  On t h e  o t h e r  h a n d  t h e  m e a s u r e m e n t  of  
b o n e  d ens i ty  c o n d u c t e d  as s t a n d e r  m e t h o d  fo l l ow ed  
clinically an d  all re su l t s  m a y  u s e  in m o r e  inv es t iga t ion  in 
t h e  fu t u re .
5- The  chemica l  analysi s of  t h e  s a m p l e  a n d  t h e  DXA of b o n e  
de n s i ty  a r e  to ta l ly  f r ee  a n d  n o th in g  o bl ig a to ry  on me .
V
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KINGDOM OF SAUDI ARABIA
Ministry of Higher Edutstion d i k —
KING ABBULAZIZ UNIVERSITY
Department of Biochem istry s L it& H
Faculty o f  Sciences
I r e a d  t h e  c o n s e n t  very  careful ly a n d  in tens ive ly  a n d  1 a d m i t  
t h a t  e a c h  po in t  a n d  s t e p s  running  Is crystal  c lea r  fo r  me.
1 h e r e b y  s igne d  thi s  c o n s e n t  a f t e r  I u n d e r s t a n d  e a c h  poin ts  
w i t h o u t  a ny  c o m pu ls or y .
I a d m i t  t h a t  I a m  illiteraty, t h e r e f o r e ,  Mrs.  Aighamid  
ex p la in ed  for  eve ry  s t e p  in full detai ls .  Upon t h a t  I g a t e d  d o w n  
my s ig na tu re .
Prof. J a i a l u d d i n  A. J a l a !
Mead of Biochemistry Department 
Ph +966 (2) 695-2288 
E-mail: üalalÆkaii.edii.sa
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M i n i s t r y '  o f  E d u c a t i o n
Research from in Girls school
Title of project:
Extent of vitamin D deficiency in children and adolescent living in Jeddah city, 
Saudi Arabia including measurement of attenuation bone density and effect of heir 
life style on bone health.
Object of study:
• To prevent the prevalence of silent disease. Rickets that leads to osteoporosis.
• To prevent the vitamin D deficiency prevalence come out from malnutrition and 
avoidance to sunlight exposed.
• Contribution of a warren for healthy foods, ideal lifestyle such as exposure to 
sunlight and exercises which help to avoid multi disease.
Methods:
Study Design,
Cross sectional study for three different level of school children Low, Mid and high income 
peoples.
The target of study,
Children and adolexents.
309
Collection Samples,
5 -  10 ml of blood.
Study place:
• King Fahad for Medical Research Center (KFMRC.
• King Abdulaziz University Hospital.
• King Abdulaziz University, biochemistry Department, Faculty of science (KSA).
• Surrey University (UK).
Procedure of study:
• An oral interview and validated questionnaire was used demographic characteristic 
such as gender, educational included background, nutritional habits and disease 
history.
• Fasting blood samples were collected for necessary analysis and DXA measurement.
• Collection of blood sample from each participant conducted after consent of parental 
approve.
Researcher 
Maryam AL-Ghamdi
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Ministry of Education
Schooling Affairs / Medical Supervision 
An Announcement for Some Elementary & Intermediate Schools 
Dear School Principal,
Driven by the eare and attention that the Ministry of Education in Makkah Region pays for 
students health, and by the support that the ministry provides to research institutions that 
target students health issues, I would like to infonn you that Maryam AL-Ghamdi, 
researcher, is intending to conduct a research study about vitamin D deficiency and Rickets 
disease among non- adolescent students. Conducting this study requires answering a survey 
about life styles of participating students. It also requires getting blood samples from 
participating students after getting their parental guardian approval by filling the attached 
approval forms.
Therefore, I would like you to facilitate the task of the research team, which includes school 
clinics physicians; so, this study would be completed and would enhance and benefit 
students health.
Kind Regards,
General Director of Education Administration in 
Makkah Region
Abdullah Ahmed Althagafi.
31:
lé~^ ié!‘^'‘hhj
MMJmYOFEDÜOOK»;
( T A . )
L / l lü U  Ü k j ô>iJ i.UJl îjb>'l
( ) !J—^
j jiJ)
ÔA^ i jtjla il jâ & J  |6*6dti
■ M §  ... 4âlSi>i$42l| 44»jg  (OSLk ;@)WI
il iîl'ii Â^./l ; >i aTAV' ^jlc- Â _ s A & a  Allalaj A^jlO 4_ùWI »ji^Vi (_y3^ (j-a lAÜajj
.^ -1 La J£j A,.a*j A11 4_uîk^ l kûLg-^ 1 ^  Lüj ^  jJjixjJij u^ zUali
( J ) ;j:.aUu? _^yalj (j& A^^xj A**iljJ pi^ 1  l<aUUt iIiL y»jllwS'l Al^Ui j^3%j Ljj^j
(_aaliJl jLjilojVl ÂjL&yi > ij iî lj  ^ (-jiUaJI " U^-bSJI ’ ^_jôjL iU lj
j^ i  ^  jLalü ^ J j ^ î  pU ji AÂâl^ J&j u^Lkji (j-* AjÆ j&iJ Ja^ilL
( ^ i  Âa*iIjA31 Jlajy AàLwi^ t J  Aj i^jOaJl Aa-waJI pL^i /ya JLa^ tjsj^ A.a^,/i &^lla il]
.wûüaîi Uiüji ^  SlâlilL JJJÛ J-Ü
Â4jSl( Â S ^ Ü L w u W » ^  4 * ^ 1  |«U > t ^
( ^ t  »4»l jg  «UjfTüi 
\ \ '
VY\sA 2 ^  : ,<A,yJi >>II -  "i îVt  . £ .  -  I l U T . a  ^ J U
312
APPENDIX-B: QUESTIONNAIRE
313
Dear participant in this scientific research about:
Extent o f vitamin D deficiency/insufficiency in
Children and Adolescence living in Saudi Arabia/Jeddah
Implications for peak bone mass attainment implications.
Thank you for agreeing to participate with us to know the 
causes o f this disease in our community.
Please fill in with me this questionnaire about your 
personal history, physical activity, life style, medical 
information and food intake.
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Section One Personal
First: What is your age? GENDER
For female type of veiling:
Veiled Partly veiled Fully veiled
Second: Sequence of the child in the family?
Third: How many members live in your house?
Forth: Where do you live?
Vila Apartment Cottage
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Fifth: Income of family
Low 150-300£ Medium 500-1000£ Hig more than 1000£
Sixth: What is your level of education?
Parents Primary
school
Secondary
school
University
degree
Higher
education
Father
Mother
Seventh: Consanguinity between the parents?
degree
cousin
2 ”^  degree 
cousin
Relative Non relative
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Section Two Physical Activity and Life Style
First: Which part of your body is exposed to sun?
face hands head/arms/legs feet none
Second: How long do you spend outside in the sunlight per day
Less than 15 mints. 15 mints. 30 mints. IHrs l-2Hrs. 3-4Hrs. 5-6 Hrs.
Third: Where are you exposed to direct sunlight?
At home At school In car Never
Forth: Do you use sunscreens?
Yes No Some time
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Fifth: How long do you practice any of the following activities on weekly basis?
Activity Hours Answer
Walking 1- 2-3
Jogging 1- 2-3
Cycling 1- 2-3
Swimming 1- 2-3
Aerobics 1- 2-3
Other’s Please specify 1- 2-3
Sixth :
1) Do you take sports classes at school? If yes, how often?
2) Are you involved in a sports program at school? If so, what type?
3) Are you enrolled in an outdoor activity outside school?
4) When do you perform it? (daytime/ night)
5) Do you have any routine activity at home? Mention
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Section Three Medical Information
First: When was the onset of puberty?
Second: Do you suffer from any disease?
If you suffer from any diseases, name it?
Third: Does any of your family suffer from bone diseases?
Forth: Have you ever broken or fractured any bone?
If your answer YES please give us more detailed in the next schedule
Name of broken 
bone
Your age when It's 
broke
How did it happen?Fall, Car 
accident 
or Sport incident?
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Fifth: Have any of your female relative ever-suffered fractured or broken hips?
Relatives Yes No
Mother
Grandmother
Sister
Brother
Other
Sixth: Do you feel pain in bone when you move or doing any small activity or exercise?
If your answer yes where is this pain?
Peripheral Nick and 
Shoulder
Chest Back Muscle
s
Seventh: When you pregnant in this baby, have you ever supplement vitamin D or calcium 
and later when you breast feeding?
Yes No Not sure
If your answer yes for how long use it?
< 3 months 3 months 6 months > 6 months
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Section Four Dietary Intake
first: Intake of milk.
In Baby
Breast feeding Bottle feeding Mixed
feeding
♦ How long natural breast feeding?
3 month 6  month 9 month 1 year
In age between (2-18) year
1) How many cup of milk do you drink during the day including milk used in tea or 
coffee, chocolate, cereals, sweet drinks etc.?
None 1 cup/day 2 cup/day 3 cup/day 4 cup/day
2) What kind of milk do you use?
3) Is this milk usually?
Full fat milk Semi skimmed 
milk
Skimmed
milk
Others kinds (e.g. 
condensed)
Fresh
Long life
Dried
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Second: Intake of milk products
How many times a day / week do you eat the following milk products?
Dairy products None Daily 2 tim es/w eek 4 tim es/w eek > 6 tim es/ 
w eek
Yogurt
Cream
Ice-cream (all kinds)
Hard cheese
Soft cheese
Milk basedpudding.
e.g. Custard
Third: Intake of eggs
1) How many eggs do eat per day / week?
How many tim es do you eat 
eggs?
None Daily 2tim es/w eek 4 tim es /w eek > 6 tim es/ week
Forth: How many times /week eats meat, chicken and fish?
How many 
tim es do you 
eat
None Daily
Itim es/
w eek
2tim es
/w eek
3 tim es/ 
week
4 tim es/ 
w eek
M eat
C hicken
F ish
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Fifth: Intake of cereals
How many times a day / week do you eat these different types of cereals?
How many times do you eat different 
type of eearel ? None Daily 2times/week 4 times /week
> 6 times/ 
week
Porridge
Bran flakes
All Bran, Wheat Bran, and Speeial K
Unsweetened muesli, Weetabix
Coco-pops, crunehy nut cornflakes, 
frosties, ricicles, sugar puffs. Etc
Sixth: Intake of hot and cold beverages
Hot Caffeine 
containing drinks
None Daily 1 times/day 2 times /week > 4 times/ week
Arabic coffee
Turkish coffee
Nescafe
Decaffeinated
coffee
Red tea
Green tea
Mint tea
Cold Caffeine 
containing drinks
None Daily 1 times/day 2 times /week > 4 times/ week
S oft drinks 
beverages cola, 
seven ,& Pepsi
Energy drinks 
Red ball, Power 
horse& Pisone
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Seventh: How often day/week does you drink juice?
None Daily 1 times/week 2 times 
/week
> 6 times/ 
week
Fresh fruit juice
Canned fruit juice
Eighth How many times do you eat leafy vegetables?
What type of vegetables Spinach rocket lettuce parsley Others
Ninth: How many times do you eat fruits?
What type of Fruits
Tropical Dates Banana Apple Citric
Tenth: How many glasses/day of water do you drink?
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APPENDIX-C: VITAMIN D lU IN
FOODS
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Taken from: Self nutrition data web site (http://nutritiondata.self.com)
Foods highest in Vitamin in Breakfast Cereals Vitamin D lU
Cereals, QUAKER, Instant Oatmeal, NUTRITION FOR WOMEN, Vanilla Cinnamon, 
dry
188IU
Cereals, QUAKER, Instant Oatmeal, NUTRITION FOR WOMEN, Apple Spice, dry 186IU
Cereals, QUAKER, Instant Oatmeal, NUTRITION FOR WOMEN, Golden Brown 
Sugar, dry
185IU
Cereals ready-to-eat, MALT-O-MEAL, Com Flakes 156IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S ALL-BRAN Original 131IU
Cereals ready-to-eat, MALT-O-MEAL, High Fiber Bran Flakes 128IU
Cereals, NESTUM, prepared with water 115IU
Cereals ready-to-eat, MALT-O-MEAL, Cocoa DYNO-BITES 114IU
Cereals ready-to-eat, KELLOGG'S, FRUIT HARVEST Strawberry/Blueberry 11 HU
Cereals ready-to-eat, GENERAL MILLS, GENERAL MILLS Berry Burst CHEERIOS, 
all flavors
109IU
Cereals ready-to-eat, KELLOGG'S, Reduced Sugar Frosted Flakes Cereal 107IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S ALL-BRAN BRAN BUDS 106IU
Cereals ready-to-eat, GENERAL MILLS, CHEERIOS, Yogurt Burst lOOIU
Cereals ready-to-eat, MALT-O-MEAL, Fmity DYNO-BITES 97IU
Cereals ready-to-eat, MALT-O-MEAL, Honey Nut TO AST Y O'S Cereal 93IU
Cereals ready-to-eat, MALT-O-MEAL, COCO-ROOS 92IU
Cereals ready-to-eat, MALT-O-MEAL, MARSHMALLOW MATEYS 90IU
Cereals ready-to-eat, MALT-O-MEAL, Frosted Flakes 89IU
Cereals ready-to-eat, QUAKER, FRUITY BRONTOSAURUS BLASTS, bagged cereal 88IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S ALL-BRAN COMPLETE Wheat 
Flakes [Includes USD A Commodity B876]
87IU
326
Foods highest in Vitamin in Breakfast Cereals Vitamin D lU
Cereals ready-to-eat, MALT-O-MEAL, Honey BUZZERS 87IU
Cereals ready-to-eat, KELLOGG'S, Reduced Sugar FROOT LOOPS 86IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S CORN POPS 86IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S Com Flakes [Includes USDA 
Commodity B879]
84IU
Cereals ready-to-eat, KELLOGG'S, CORN FLAKES With Real Bananas 84IU
Cereals ready to eat, composite character cereals (movies, TV), brand A 84IU
Cereals ready-to-eat, bran flakes, single brand 83 lU
Cereals ready-to-eat, KRAFT, POST Bran Flakes 83IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S Complete Oat Bran Flakes 80IU
Cereals ready-to-eat, GENERAL MILLS, Whole Grain TOTAL 80IU
Cereals ready-to-eat, com flakes, plain, single brand 79IU
Cereals ready-to-eat, GENERAL MILLS, Rice CHEX 77IU
Cereals ready-to-eat, KELLOGG'S, TONY'S CINNAMON KRUNCHERS 77IU
Cereals ready-to-eat, HEALTHY CHOICE, KELLOGG'S Almond Cmnch with Raisins 77IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S Honey SMACKS 76IU
Cereals ready-to-eat, MALT-O-MEAL, GOLDEN PUFFS [golden puffs] 76IU
Cereals ready-to-eat, KRAFT, POST GRAPE-NUTS Flakes 76IU
Cereals ready-to-eat, wheat and malt barley flakes 76IU
Cereals ready-to-eat, KRAFT, POST GOLDEN CRISP Cereal 74IU
Cereals ready-to-eat, wheat, puffed, presweetened, single brand 74IU
Cereals ready-to-eat, KELLOGG'S, FRUIT HARVEST Peach/Strawberry 74IU
Cereals ready-to-eat, KRAFT, POST Fmity PEBBLES Cereal 74IU
327
Foods highest in Vitamin in Breakfast Cereals Vitamin D lU
Cereals ready-to-eat, MALT-O-MEAL, TOOTIE FRUITIES 74IU
Cereals ready-to-eat, rice, puffed, presweetened, fruit flavored, single brand 74IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S CRISPIX [Includes USDA 
Commodity B855]
73IU
Cereals ready-to-eat, GENERAL MILLS, Multi-Grain Cheerios 73IU
Cereals ready-to-eat, GENERAL MILLS, FROSTED CHEERIOS 73IU
Cereals ready-to-eat, GENERAL MILLS, HONEY NUT CHEERIOS 73IU
Cereals ready-to-eat, GENERAL MILLS, LUCKY CHARMS 73IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S HONEY CRUNCH CORN FLAKES 73IU
Cereals ready-to-eat, MALT-O-MEAL, Blueberry Muffin Tops Cereal 73IU
Cereals ready-to-eat, GENERAL MILLS, CHEERIOS 72IU
Cereals ready-to-eat, GENERAL MILLS, Com CHEX 72IU
Cereals ready-to-eat, GENERAL MILLS, Country Com Flakes 72IU
Cereals ready-to-eat, GENERAL MILLS, Frosted CHEX 72IU
Cereals ready-to-eat, GENERAL MILLS, KIX 72IU
Cereals ready-to-eat, GENERAL MILLS, WHEATIES 72IU
Cereals ready-to-eat, MALT-O-MEAL, CORN BURSTS V 72IU
Cereals ready-to-eat, KELLOGG, SCOOBY-DOO! Berry Bones 72IU
Cereals ready-to-eat, KRAFT, POST OREO O'S Cereal 71IU
Cereals ready-to-eat, KELLOGG, Robots 71IU
Cereals ready-to-eat, KRAFT, POST HONEYCOMB Cereal 70IU
Cereals ready-to-eat, KELLOGG, Berry RICE KRISPIES 70IU
Cereals ready-to-eat, KELLOGG, SpongeBob SquarePants 69IU
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Foods highest in Vitamin in Breakfast Cereals Vitamin D lU
Cereals ready-to-eat, KRAFT, POST Cocoa PEBBLES Cereal 69IU
Cereals ready-to-eat, KRAFT, POST Marshmallow ALPHA-BITS Cereal 69IU
Cereals ready-to-eat, oats, com puffed mixture, presweetened, with marshmallows, 
single brand
69IU
Cereals ready-to-eat, rice, puffed, presweetened, with cocoa, single brand 69IU
Cereals ready-to-eat, KELLOGG'S, SPECIAL K Vanilla Almond 69IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S FROSTED RICE KRISPIES 69IU
Cereals ready-to-eat, MALT-O-MEAL, Crispy Rice 69IU
Cereals ready-to-eat, KELLOGG, TIGER POWER 69IU
Cereals ready-to-eat, QUAKER, KING VIT AM AN 69IU
Cereals ready to eat, composite character cereals (movies, TV), brand B 69IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S COCOA KRISPIES 68IU
Cereals ready-to-eat, KELLOGG, Marshmallow FROOT LOOPS, Rainbow Breeze 68IU
Cereals ready-to-eat, KELLOGG, MINI SWIRLZ Fudge Ripple 68IU
Cereals ready-to-eat, KASHI MIGHTY BITES, Cinnamon Cereal 68IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S RICE KRISPIES TREATS Cereal 68IU
Cereals ready-to-eat, KELLOGG, KELLOGG'S MARSHMALLOW FROOT LOOPS 68IU
Cereals ready-to-eat, MALT-O-MEAL, CINNAMON TOASTERS 67IU
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Foods highest in Vitamin D in Dairy and Egg Products Vitamin D lU
Milk, low fat, fluid, 1 % milk fat, with added vitamin A 248IU
Milk, dry, nonfat, instant, with added vitamin A 246IU
Milk, nonfat, fluid, with added vitamin A (fat free or skim) 241IU
Milk, nonfat, fluid, with added nonfat milk solids and vitamin A (fat free or 
skim)
216IU
Milk, canned, evaporated, nonfat 205IU
Milk, nonfat, fluid, protein fortified, with added vitamin A (fat free and skim) 195IU
Milk, low fat, fluid, 1% milk fat, with added nonfat milk solids and vitamin A 186IU
Milk, dry, nonfat, regular, without added vitamin A 183IU
Milk, reduced fat, fluid, 2% milk fat, with added vitamin A 172IU
Milk, low fat, fluid, 1% milk fat, protein fortified, with added vitamin A 167IU
Milk, reduced fat, fluid, 2% milk fat, with added nonfat milk solids and vitamin 
A
157IU
Milk, reduced fat, fluid, 2% milk fat, protein fortified, with added vitamin A 143IU
Milk, whole, 3.25% milk fat 133IU
Milk, chocolate, fluid, commercial, low fat 127IU
Milk, dry, whole 126IU
Milk, chocolate, fluid, commercial, reduced fat 105IU
Milk, chocolate beverage, hot cocoa, homemade 104IU
Milk, chocolate, fluid, commercial, whole 96IU
Egg, yolk, raw, fresh 68IU
Egg, whole, dried 63IU
Ensure plus, liquid nutrition 57IU
Egg, whole, raw, fresh 49IU
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Foods highest in Vitamin D in Dairy and Egg Products Vitamin D lU
Egg, whole, cooked, poached 48IU
Egg, whole, cooked, scrambled 41IU
Egg, whole, cooked, fried 38IU
Egg, whole, cooked, omelet 37IU
Milk, goat, fluid 35IU
Dessert topping, powdered, 1.5 ounce prepared with 1/2 cup milk 32IU
Cream, fluid, heavy whipping 30IU
Cheese, swiss 23 lU
Cheese, edam 20IU
Butter, salted 16IU
Cheese, parmesan, hard 14IU
Milk, human, mature, fluid l lIU
Cheese, camembert 8IU
Cheese, cheddar 6IU
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Foods highest in Vitamin D in Fast Foods, generic Vitamin D lU
Fast foods, egg, scrambled 64IU
Fast foods, english muffin, with egg, cheese, and Canadian bacon 29IU
Fast foods, fish sandwich, with tartar sauce and cheese 14IU
Fast foods, sundae, strawberry 14IU
Fast foods, sundae, hot fudge 13IU
Fast foods, hamburger; double, regular, patty; plain l lIU
Fast foods, hamburger; single, large patty; plain lOIU
Fast foods, ice milk, vanilla, soft-serve, with cone lOIU
Fast foods, sundae, caramel 8IU
Fast foods, hamburger; single, regular patty; plain 8IU
Fast foods, cheeseburger; single, regular patty; plain 8IU
Fast foods, cheeseburger; single, large patty; plain 8IU
TACO BELL, BURRITO SUPREME with beef 7IU
Fast foods, english muffin, with cheese and sausage 3IU
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Foods highest in Vitamin D in Sweets Vitamin D lU
Rennin, vanilla, dry mix, prepared with 2% milk 96IU
Rennin, chocolate, dry mix, prepared with 2% milk 85IU
Rennin, vanilla, dry mix, prepared with whole milk 83 lU
Rennin, chocolate, dry mix, prepared with whole milk 75IU
Flan, caramel custard, dry mix, prepared with 2% milk 70IU
Puddings, banana, dry mix, regular, prepared with 2% milk 69IU
Puddings, vanilla, dry mix, regular, prepared with 2% milk 69IU
Puddings, tapioca, dry mix, prepared with 2% milk 65IU
Flan, caramel custard, dry mix, prepared with whole milk 64IU
Puddings, banana, dry mix, instant, prepared with 2% milk 63IU
Puddings, chocolate, dry mix, instant, prepared with 2% milk 63IU
Puddings, lemon, dry mix, instant, prepared with 2% milk 62IU
Puddings, rice, dry mix, prepared with 2% milk 61IU
Puddings, tapioca, dry mix, prepared with whole milk 59IU
Puddings, rice, dry mix, prepared with whole milk 56IU
Ice creams, vanilla, rich 35IU
Ice creams, vanilla, light 32IU
Ice creams, chocolate, light llIU
Candies, MASTERFOODS USA, MILKY WAY Bar 7IU
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Foods highest in Vitamin D in Vegetables and Vegetable Products Vitamin D lU
Mushrooms, canned, drained solids 168IU
Mushrooms, white, raw 164IU
Mushrooms, white, stir-fried 162IU
Mushrooms, cooked, boiled, drained, with salt 150IU
Mushrooms, cooked, boiled, drained, without salt 150IU
Mushrooms, white, microwaved 123IU
Spinach souffle 29IU
Potatoes, mashed, dehydrated, prepared from flakes without milk, whole milk 
and butter added
25IU
Corn pudding, home prepared 17IU
Potatoes, mashed, dehydrated, prepared from granules with milk, water and 
margarine added
16IU
Potatoes, mashed, home-prepared, whole milk added 14IU
Potatoes, mashed, home-prepared, whole milk and butter added 14IU
Potatoes, mashed, home-prepared, whole milk and margarine added ll IU
Potato pancakes 6IU
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Foods highest in Vitamin D in Fruits and Fruit Juices Vitamin D lU
Orange juice, chilled, includes from concentrate, fortified with calcium and vitamin 
D
259IU
Foods highest in Vitamin D in Fats and Oils Vitamin D lU
Fish oil, cod liver 2217IU
Fish oil, sardine 74IU
Foods highest in Vitamin D in Beef Products Vitamin D lU
Beef, variety meats and by-products, kidneys, raw 62IU
Beef, variety meats and by-products, liver, raw 24IU
Foods highest in Vitamin D in Beverages Vitamin D lU
Dairy drink mix, chocolate, reduced calorie, with aspartame, powder 114IU
Shake, fast food, chocolate Vitamin D 55IU
Shake, fast food, strawberry 14IU
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APPENDIX-D: VITAMIN D RESEARCH 
IN MUSCULOSKELETAL PAIN
336
Vitamin D research in musculoskeletal pain, taken from Leavitt (2008).
Researchers/Population Subjects Vitamin D Status Comments
Turner et al. 2008 -  Mayo Clinic -  
ret- respective case series in patients 
with chronic musculoskeletal pain of 
diverse etiologies. Mean age 47.5 
years. [Re- ported also by Hooten et 
al. 2007]
n=267 
75% female
98% white
26% <20 ng/mL 25(OH)D 
mean = 15.7 ng/mL
Overall mean = 28.7 
ng/mL (reflecting 
insufficiency)
Low back pain (n=77) and fibromyalgia (n=66) 
were the most prevalent diagnoses. More than 
half (52%) o f all patients were using opioids 
(mean morphine equivalent 87 mg/day) for an 
average o f 52 months. Patients with deficient 
vitamin D were taking opioids longer, and also 
reported poorer physical functioning and overall 
health perception.
Hicks et al. 2008 -  Italy-  
prospective study in elderly 
persons, mean age 
74.5, with pain in lower 
extremities or back, or both.
n=958
55%
females
22% <10 ng/mL 25(OH)D 
50+% <20 ng/mL
median = 19 ng/mL 
males median = 14 
ng/mL females
(25[OH]D was 
significantly lower in 
older patients)
A low threshold o f <10 ng/mL 25(OH)D was 
defined as deficiency; although, more than half of 
all subjects were at <20 ng/mL. Pain was 
associated to a greater degree with inadequate 
25(OH)D for lower back pain in women than in 
men. Lower 25(OH)D also was associated with 
more depressive symptoms, poorer cognition, 
and higher PTH levels.
Lotfi et al. 2007 -  Egypt -  female 
pa- tients with chronic (>3 mo.) 
low back pain compared with a 
pain-free control group.
60 patients 
20 controls
pts 82% <40 ng/mL 
25(OH)D
ctls 60% <40 ng/mL
(This is a much higher 
thresh- oldfor defining 
deficiency
than used in other studies)
25(OH)D was significantly lower (p <.05) and 
PTH higher (p <.05) in patients with pain. 
Alkaline phos- phatase higher in patients with 
pain, no differences in calcium or phosphorus. 
Low sun exposure (duration and skin exposed) 
accounted for 68% o f the variance between 
groups, even in this sunny climate.
Armstrong et al. 2007 -  United 
States -patients with fibromyalgia 
syndrome.
n=75 56% = 10-20 ng/mL 
25(OH)D
+13% <10 ng/mL
86% o f total considered deficient in 25(OH)D. 
There also was a correlation between deficient 
vitamin D and greater anxiety and depression.
Kealing 2007 -  Kansas -  women 
with breast cancer experiencing 
joint pain prior to cancer 
treatment.
Not stated. 75% vitamin D deficient 
(lev- els not given)
In this pilot study, supplemental vitamin D 
(amount unknown) reduced joint pain as well 
as fatigue.
de la Jara et al. 2006 -  Switzerland 
-  females from various countries o f 
origin with chronic back pain and/or 
multiple somatic pain symptoms 
(consistent with osteomalacia 
diagnosis).
n=33;
mean
age=39
97%<8 ng/mL 
25(OH)D 
(mean=4.5 
ng/mL)
43% had hypocalcemia 
32% hypophosphatemia
With vitamin D supplementation, symptoms 
disap- peared after 2.84 months in two-thirds 
(22/33) o f patients; another 18% (6/33) had 
partial resolution. Mean number o f Rx analgesic 
drugs taken declined from 3.27 to 0.85.
Gostine and Davis 2006 -  
Michigan -  randomly selected 
patients in a pain clinic with 
arthritis, pelvic pain, failed back 
surgery, and fibromyalgia.
n=56
84% female
96% <30 ng/mL 25(OH)D 
84% = deficient undefined) 
50+% <17 ng/mL
Patients ranged in age from 26 to 84 years; no 
sig- nificant differences in 25(OH)D 
deficiencies across age groups or between 
female and males.
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Benson et al. 2006 -  Australia -  
Abo- riginal patients with muscle 
pain, com- pared with a pain-free 
control group from the same 
population.
8 patients 
8 controls
100% pts <20 ng/mL
25(OH)
D
12% ctls <20 ng/mL
Mean 25(OH)D in patients was 16 ng/mL vs 
23.3 ng/mL in controls (p=.017). All subjects 
were urban dwelling and had left their prior 
outdoor lifestyle with its ample exposure to 
sunlight.
Helliwell et al. 2006 -  England -  
South Asian patients with either 
unexplained widespread pain or 
specific rheumatic diagnosis.
n=160 73% = low 25(OH)D 
(unde- fined).
In 47% o f patients for whom combined data 
were available, PTH was elevated and 25(OH)D 
was deft- cient -  which are biomarkers of 
osteomalacia. Few had abnormal Ca, PO, or 
ALP.
Erkal et al. 2006 -  Germany -  com­
parison o f German control group vs 
Turkish patients with bone/muscle 
pain living in Germany or Turkey.
893 patients 
101 controls
pts. = mean 15.7 ng/mL
75% <20 ng/mL 
25(OH)D
ctls - mean 27.4 ng/mL
Age range was 16-69 years; 41% females. There 
was a strong correlation between low 25(OH)D 
and higher rates and longer duration of 
generalize bone and/or muscle aches and pains 
(often diagnosed as fibromyalgia). Lack o f sun 
exposure, higher latitude, and female sex were 
important predictors for low
25(OH)D.
Macfarlane et al. 2005 -  Scotland 
-  South Asian young women with 
wide- spread pain.
n=114 3.5 times greater risk o f 
<10 ng/mL 25(OH)D in 
those with pain than 
without.
This was a subset o f patients from a study of 3135
South Asian subjects who demonstrated a 60% 
greater rate o f widespread pain than their non- 
Asian counterparts in the UK.
Baker et al. 2004 -  Boston VA 
Medical Center -  patients with 
painful and ra- diographically 
confirmed knee os- teoarthritis.
n=221;
mean
age=67
48% < 20 ng/mL 25(OH)D Subjects with lower vitamin D had more pain 
and disability and were weaker. In patients with 
increas- ing vitamin D levels during a 30 mo. 
monitoring pe- riod there were corresponding 
improvements in dis- ability and pain scores.
Haque et al. 2004 -  Johns 
Hopkins, Baltimore -  general 
rheumatology pa- tients with pain.
n=48;
87%
female;
mean
58% = 10-20 ng/mL 
25(OH)D
+25% <10 ng/mL
A total 83% were vitamin D deficient. The 
most common diagnoses were rheumatoid 
arthritis, in- flammatory polyarthritis, chronic 
musculoskeletals pains, and polymyalgia 
rheumatica.
van der Heyden et al. 2004 -  
Nether- lands -  females with 
progressive mus- cle weakness and 
pain >6 mo. [case report].
n=3 Low 25(OH)D (undefined) Also had decreased phosphate, increased 
alkaline phosphatase. After vitamin D 
supplementation, pain resolved and muscle 
strength improved “within a week.”
Block 2004 -  Maine -  white 
patients with chronic widespread 
musculoskele- tal pain, 69% 
diagnosed as fibromyal- gia.
n=101 
85% female
47% <20 ng/mL 25(OH)D 
9% <10 ng/mL
The author alleged that these levels were not 
suffi- ciently deficient to account for the pain 
syndromes in these patients, but this belief is not 
consistent with other research. PTH levels were 
not measured.
Plotnikoff and Quigley 2003 -  
Minne- sota -  patients with 
chronic, nonspe- cific 
musculoskeletal pain (excluded 
fibromyalgia, complex regional 
nain svndrome. o ther d isorders!
n=150 93% <13 ng/mL 25(OH)D 
100% <20 ng/mL
28% <8 ng/mL
Age range up to 65 years, with all age groups 
af- fected. Overall, no significant differences 
between males and females. Darker-skinned 
patients had greater 25(OH)D deficiencies and 
deficits in all pa- tients were more pronounced 
in  w in te r.
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Al Faraj and Al Mutairi 2003 -  
Saudi Arabia -  patients with 
idiopathic, chronic (>6 mo.) back 
pain (probable osteomalacia, as 
patients with diag- nosed 
anatomical, neuropathic, or 
mechanical causes were
n=360 
90% female
83% = <9 ng/mL 
25(OH)D (Low 
threshold for ‘normal’
defined as 9-38 ng/mL)
Age range up to 52 years. After vitamin D 
supple- mentation for 3 months symptom 
improvement was seen in 95% o f all patients and 
in 100% o f those who would be considered as 
severely 25(OH)D deficient pretreatment.
Huisman et al. 2001 -  Canada -  
fe- male patients with 
fibromyalgia.
n=25 48% <20 ng/mL 25(OH)D 
(Group mean = 20.5 
ng/mL)
PTH elevation also was evident in those with 
defi- cient 25(OH)D.
Glerup et al. 2000b -  Denmark -  
fe- male Arab patients with bone 
pain and muscle pain and weakness 
compared with pain-fi-ee female 
Danish controls.
55 patients 
22 controls
pts 85% <3 ng/mL 
25(OH)D
96%  <8
ng/mL
ctls = mean 19 ng/mL
High-dose vitamin D supplementation increased 
25(OH)D 5-fold in 3 months and was paralleled 
by significant reductions in muscle and bone 
discomfort.
Pretreatment, patients had elevated PTH but onl} 
6%
had subnormal calcium; alkaline phosphatase 
was normal. Note: most symptom-free controls
Prabhala et al. 2000 -  SUNY, 
New York -  aches, pains, and 
severe myopathy in patients 
confined to wheelchairs [case 
report].
n=5 Confirmed low 25(OH)D 
(un- defined). PTH 
elevated.
Weakness had been attributed to old age, diabetic 
neuropathy, or general debility. Vitamin D 
supple- mentation resolved body aches and pains, 
and re- stored normal muscle strength in 4-6 
weeks -  4 pa- tients became fully mobile and had
nnrm ql 9 S tD H !D
McAlindon et al. 1996 -  USA -  
os- teoarthritis o f the knee 
recorded in persons participating 
in the Framing- ham Study.
n=75
knees(82
%
progres­
sively
worsen­
ing)
33% <24 ng/mL 25(OH)D 
33% <33 ng/mL
79% o f cases involved vitamin D intake <347 
lU/day. Low intake and low 25(OH)D resulted in 
a 3-fold risk o f progressive osteoarthritis; 
although, there was no evidence o f low 
intake/low 25(OH)D as causing os- teoarthritis in 
normal knees. Conclusion was that persons with 
osteoarthritis and 25(OH)D <30 n^m L  should
Gloth et al. 1991 -  Johns Hopkins, 
Baltimore -  hyperesthesia 
(nonspecific oversensitivity to 
physical stimuli) unre- sponsive to 
analgesics [case report].
n=5 Range 3 .2 -41  ng/mL 
25(OH)D
Pain resolved in 5-7 days after high-dose 
vitamin D supplementation. In 1 patient, 
25(OH)D again be- came deficient and pain 
returned, but was relieved with further 
supplementation.
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